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ABSTRACT 


This  thesis  developed  a  robust  electronic  interface  package  for  the  Naval 
Postgraduate  School  (NPS)  Middle  Ultraviolet  Spectrograph  (MUSTANG) 
experiment.  The  MUSTANG  instrument  was  designed  to  observe  atmospheric 
emissions  in  the  ISOOA  to  3400A  wavelength  region.  MUSTANG  has  flown 
along  with  a  Naval  Research  Laboratory  (NRL)  instrument  on  a  NASA  sounding 
rocket  experiment,  and  is  scheduled  to  fly  on  two  more  sounding  rockets  prior  to 
integration  on  an  Air  Force  satellite.  Data  from  these  experiments  will  test  a 
new  technique  for  measuring  global  ionospheric  electron  densities  on  a  real-time 
basis.  The  electronic  interface  links  the  MUSTANG  instrument  with  the  Aydin 
Vector  MMP-600  Series  Pulse  Code  Modulation  Encoder  in  the  sounding  rocket 
telemetry  section.  Analog  data  from  MUSTANG  is  digitized  and  buffered  in  the 
electronic  interface  to  support  asynchronous  transfer  to  telemetry.  Digitized 
MUSTANG  data  is  telemetered  to  a  ground  station  during  rocket  flight.  This 
electronic  interface  circuit  was  thoroughly  tested  during  payload  integration  with 
NASA.  Ground  Support  Equipment  (GSE)  was  extensively  revised  to  support 
the  MUSTANG  instrument  during  laboratory  calibration  and  launch  site  testing. 
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I.  INTRODUCTION 


The  MUSTANG  instrument  was  developed  at  the  Naval  Postgraduate  School 
in  response  to  a  research  requirement  for  defense  environmental  satellites  put 
forth  by  the  Joint  Chiefs  of  Staff.  Reference  1,  the  Joint  Chiefs  of  Staff 
Memorandum  MJCS  154-86,  was  published  on  March  21,  1986,  It  listed 
Measurement  of  the  Electron  Density  of  the  Earth’s  Ionosphere  as  the  fifth 
highest  priority  research  area  out  of  50  research  requirements.  Development  of 
many  modern  high  frequency  (HF)  military  systems  requires  an  accurate 
knowledge  of  ionospheric  electron  densities.  HF  electromagnetic  waves  used  by 
these  military  systems  are  reflected  and  bent  by  the  ionosphere.  Research  is 
presently  being  conducted  to  relate  knowledge  of  the  ionospheric  electron  density 
to  the  following  areas. 

•  High  Frequency  Radio  Communications 

•  Over-The-Horizon  Radar  Systems 

•  Ballistic  Missile  Early  Warning  Systems 

•  Ground  Wave  Emergency  Network 

Current  electron  density  measurements  of  the  ionosphere  are  made  from 
ground-based  radar  systems  or  ionosonde  stations.  These  measurements  do  not 
give  a  global  picture  of  the  ionosphere  composition.  The  ideal  measurement 
platform  would  be  based  on  a  satellite  where  constant  observations  can  be  taken. 
A  spaced-based  ionosonde  measurement  platform  is  impractical  due  to  size  and 
power  restrictions.  A  passive  measurement  platform  is  necessary  for  satellite 
based  observations. 
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Scientists  at  the  Naval  Research  Laboratory  (NRL)  and  the  Naval 
Postgraduate  School  (NPS)  are  working  on  passive  methods  of  measuring  the 
electron  density  of  the  ionosphere.  They  currently  believe  that  by  measuring 
specific  atmospheric  emissions,  they  can  infer  ionospheric  electron  densities 
from  photochemical  models  of  the  ionosphere.  Reference  2  provides  more 
information  on  this  work. 

The  NRL  HIRAAS  instrument  is  a  Rowland  Circle  Spectrograph  which 
provides  passive  measurement  of  the  ionosphere  in  the  500A  to  ISOOA 
wavelength  region.  The  NPS  MUSTANG  instrument  is  an  Ebert-Fastie  Middle 
Ultraviolet  Spectrograph  which  provides  passive  measurement  of  the  ionosphere 
in  the  ISOOA  to  3400A  wavelength  region.  The  two  instruments  together  have 
been  successfully  launched  on  the  National  Aeronautics  and  Space  Administration 
(NASA)  rocket  experiment  number  36.053DE  in  March  of  1990.  The  two-stage 
Terrier-Black  Brant  launch  vehicle  was  launched  with  the  two  instruments  from 
White  Sands  Missile  Range  in  New  Mexico.  HIRAAS  data  was  recorded  on 
electrographic  film  during  flight,  and  MUSTANG  data  was  telemetered  to  a 
ground  station.  Observations  were  made  from  an  altitude  of  100  to  320km  and 
the  data  recovered  were  excellent. 

The  success  of  this  rocket  flight  led  to  the  scheduling  of  an  additional  flight 
on  NASA  rocket  experiment  number  36.088DE  to  launch  in  February  1992. 
Additionally,  a  contract  has  recently  been  awarded  for  an  Air  Force  satellite, 
P9 1-1, which  will  carry  HIRAAS  and  MUSTANG  into  low  earth  orbit  to  make 
ionospheric  observations  from  space  for  at  least  a  year.  The  satellite  is  to  be 
launched  in  the  Fall  of  1995. 
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Several  changes  and  modifications  to  the  MUSTANG  instrument  were 
necessary  to  prepare  it  for  the  next  NASA  sounding  rocket  launch.  Specifically, 
a  revision  in  the  electronics  interface  was  necessary  to  prevent  a  data  loss  which 
had  occurred  on  the  first  flight.  The  redesign  of  this  interface  as  well  as 
modifications  made  to  the  MUSTANG  ground  support  equipment  to  support  the 
upcoming  launch  is  the  subject  of  this  thesis. 

Chapter  II  documents  the  operational  characteristics  of  the  MUSTANG 
instrument  itself,  as  well  as  the  telemetry  and  support  equipment  provided  by 
NASA  as  part  of  the  sounding  rocket  experiment. 

Chapter  111  investigates  and  identifies  problems  with  the  electronic  interface 
package  from  the  first  sounding  rocket  launch.  Areas  where  changes  are 
necessary  or  new  modifications  are  desired  are  identified. 

Chapter  IV  provides  an  in-depth  development  of  the  design  of  the  revised 
electronic  interface  package. 

Chapter  V  documents  the  operation  of  all  of  the  MUSTANG  ground  support 
equipment  (GSE).  This  includes  the  Macintosh  II  computer,  data  acquisition 
boards,  electronic  interfaces,  and  all  necessary  software.  This  chapter  serves  as  a 
reference  for  operation  of  the  MUSTANG  GSE,  and  documents  improvements 
made  to  the  equipment  as  a  result  of  this  thesis. 

Chapter  VI  discusses  the  design  and  manufacture  of  the  flight  components  of 
the  electronic  interface  including  the  printed  circuit  boards  and  the  flight  box 
enclosure  for  the  circuit. 

Chapter  VII  presents  all  testing  done  on  the  interface  circuit  to  validate  its 
proper  operation  prior  to  flight. 
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Chapter  VIII  presents  conclusions  and  recommendations  for  future  projects 
associated  with  the  MUSTANG  instrument  in  the  field  of  Electrical  Engineering. 
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II.  MUSTANG  PAYLOAD  AND  SOUNDING  ROCKET 

COMPONENTS 

The  MUSTANG  and  HIRAAS  instruments  are  launched  on  a  NASA  Terrrier 
Black  Brant  sounding  rocket.  The  major  sections  of  the  sounding  rocket  are 
shown  in  Figure  2-1.  The  Experiment  section  is  under  vacuum  at  the  time  of 
launch,  and  a  door  on  the  aft  bulkhead  opens  at  altitude  to  allow  the  instruments 
to  make  their  observations.  The  major  components  of  the  MUSTANG 
instrument  and  the  sounding  rocket  data  collection  and  support  system  are 
described  in  this  chapter. 

The  entire  MUSTANG  instrument  is  physically  located  in  the  Experiment 
section  of  the  sounding  rocket.  The  instrument  consists  of  a  middle  ultraviolet 
spectrograph,  an  ITT  image  intensifier,  a  Hamamatsu  linear  image  sensor  with 
associa  J  electronics  and  an  eljctronic  interface  circuit.  The  construction  of  the 
electronic  interface  circuit  is  the  subject  of  this  thesis  and  is  described  in  detail 
in  the  following  chapters.  All  other  components  of  the  MUSTANG  instrument 
are  described  in  the  following  sections  of  this  chapter. 

The  sounding  rocket  data  collection  and  support  system  consists  of  a  Pulse 
Code  Modulation  (PCM)  encoder,  a  transmitter  and  an  electric  power 
distribution  system.  The  instrument  power  supply  is  located  in  the  High  Voltage 
(HV)  section,  and  provides  DC  electric  power  to  the  rocket  payload.  The  PCM 
encoder  and  transmitter  are  located  in  the  telemetry  (T/M)  section  of  the  rocket. 
All  of  these  subsystems  are  described  in  this  chapter. 
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Terrier  Boosted  Black  Brant  Sounding  Rocket 


Payload  in  Launcb.  Configuration 


Figure  2*1  Sounding  Rocket  Configuration  Block  Diagram 
A.  MUSTANG  INSTRUMENT 

The  MUSTANG  instrument  consists  of  a  l/8th  m  off-axis  telescope,  a  l/8ih 
m  Ebert-Fastie  spectrograph  with  a  photo-detector  system  located  at  the  exit 
focal  plane  and  an  electronic  interface  circuit.  The  optical  equipment  was 
designed  at  NFS  and  fabricated  by  Research  Support  Instruments,  Inc.  The 
interface  circuit  was  designed  and  constructed  at  NFS  as  a  result  of  this  thesis.  A 
mechanical  drawing  of  the  instrument  is  shown  in  Figure  2-2,  and  a  photograph 
of  the  flight-ready  MUSTANG  payload  is  shown  in  Figure  2-3. 
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l/8th  m  Telescope  Mirror  Spectrograph  Entrance  Slit 


Figure  2-2  Mechanical  Drawing  of  MUSTANG  Instrument  [After 

Ref.  3:p.  17] 
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Hamamatsu  Image  Sensor 


Figure  2-3  Flight-Qualified  MUSTANG  Payload 

1.  Ebert-Fastie  Spectrograph 

Ultraviolet  light  entering  the  telescope  is  collected  by  a  l/8th  m  spherical 
mirror.  The  mirror  focuses  the  light  onto  a  5mm  by  140p.m  vertical  entrance 
slit.  The  Ebert  mirror  collimates  the  light  onto  a  reflective  diffraction  grating. 
The  grating  reflects  the  collimated  light  back  to  the  Ebert  mirror  where  it  is  then 
focused  onto  the  image  intensifier  at  the  spectrograph  focal  plane.  Light  incident 
on  the  image  intensifier  has  a  bandwidth  of  ISOOA  to  3400A  [Ref.  3:p.  18]. 

2.  ITT  Image  Intensifier 

The  image  intensifier  is  an  ITT  F4145  Proximity  Focused  Channel 
Intensifier  Tube  with  Dual  MicroChannel  Plates.  Technical  Data  for  the  ITT 
device  is  included  in  Appendix  M.  It  consists  of  a  quartz  input  window,  a  cesium 
telluride  (CsTe)  photo-cathode,  two  microchannel  plates  (MCP)  in  cascade,  an 
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aluminum  screen  coated  with  phosphor,  and  a  fiber  optic  output  window.  The 
purpose  of  this  device  is  to  convert  the  incoming  ultraviolet  (UV)  photons  to 
visible  photons  so  that  they  can  be  detected  by  the  image  sensor.  UV  Photons  at 
the  exit  focal  plane  of  the  spectrograph  strike  the  photo-cathode  which  cause 
photo-electrons  to  be  generated.  These  electrons  are  accelerated  down  the  MCP 
by  an  accelerating  voltage.  An  electron  avalanche  occurs  resulting  in 
approximately  15,000  electrons  produced  for  every  one  entering  the  MCP.  An 
additional  accelerating  voltage  accelerates  the  electrons  to  the  phosphor  screen 
where  visible  photons  are  produced  [Ref.  3:p.  19].  The  accelerating  voltage 
across  the  MCP  and  the  phosphor  screen  determines  the  gain  of  the  MUSTANG 
instrument.  It  is  produced  by  a  high  voltage  power  supply  using  a  control 
voltage  generated  in  the  interface  circuit.  Technical  data  on  the  high  voltage 
power  supply  is  included  in  Appendix  C. 

B.  HAMAMATSU  LINEAR  IMAGE  SENSOR 

The  Hamamatsu  S2300-512F  Plasma-Coupled  Device  (PCD)  Linear  Image 
Sensor  is  a  monolithic  self-scanning  photodiode  array.  Technical  Data  for  this 
device  is  included  in  Appendix  A.  The  photodiodes  are  highly  sensitive  to  light 
in  the  4000A  to  lOOOOA  wavelength  region  as  depicted  in  Figure  3  of  Appendix 
A.  Photons  emitted  from  the  image  intensifier  phosphor  screen  have  a 
distribution  in  wavelength  from  4750A  to  bOOOA,  and  are  sensed  by  the  PCD 
image  sensor  [Ref.  4:p.  32].  The  output  window  of  the  image  intensifier  and  the 
PCD  image  sensor  window  are  both  made  of  fiber  optic  material.  The  two 
devices  are  placed  physically  in  contact  with  each  other  in  the  MUSTANG 
instrument.  With  this  arrangement,  the  UV  spectrum  in  the  ISOOA  to  3400A 
wavelength  region  can  be  observed  by  the  MUSTANG  instrument. 
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The  monolithic  PCD  linear  image  sensor  can  be  broken  down  into  three 
basic  parts:  a  25mm  by  5mm  photosensitive  area,  a  PCD  shift  register  transfer 
section,  and  an  output  section.  The  operation  of  the  device  is  described  in  the 
following  sections  of  this  chapter.  Figure  1  of  Appendix  A  is  a  block  diagram  of 
the  device. 

1.  Light-Sensitive  Section 

This  section  consists  of  512  p-n  junction  photodiodes  arranged  in  linear 
array  with  spacing  characteristics  depicted  in  Figure  2  of  Appendix  A.  The 
photodiodes  are  36|im  wide  and  5mm  tall.  There  is  a  spacing  of  14p.m  between 
adjacent  photodiodes  which  corresponds  to  a  50p.m  spacing  between  the  centers 
of  adjacent  photodiodes.  They  perform  two  functions.  First,  they  convert  the 
optical  energy  of  the  incident  photons  into  electrical  energy.  Second,  they  store 
this  electrical  energy  in  the  form  of  charge  stored  in  a  capacitor.  The 
photodiodes  are  manufactured  to  have  a  high  sensitivity  to  photons  of  visible 
wavelength,  and  a  low  dark  current.  The  dark  current  is  caused  by  charge 
accumulated  in  the  photodiodes  when  not  exposed  to  any  light.  The  dark  current 
is  a  linear  function  of  temperature,  doubling  with  every  7°C  rise  in  temperature 
[Ref.  5]. 

2.  PCD  Shift  Register  Transfer  Section 

This  section  of  the  detector  provides  the  means  for  successively  reading 
out  the  charge  stored  on  each  of  the  photodiodes.  Hooked  conductance 
transistors  (HCDTs)  make  up  the  digital  shift  register.  They  are  arranged  in  a 
linear  fashion  on  the  silicon  substrate.  When  the  proper  phase  clocking  pulses 
are  provided  to  the  shift  register,  the  HCDTs  provide  a  negative  address  pulse 
which  ripples  down  the  array  of  switching  transistors  shown  in  Figure  1  of 


10 


Appendix  A.  The  shift  register  uses  the  semiconductor  plasma  that  is  generated 
and  destroyed  in  the  silicon  substrate  as  a  result  of  carrier  accumulation.  Proper 
phasing  of  input  clock  pulses  allows  this  plasma  to  transfer  the  state  of  the  shift 
register  down  the  array  of  512  HCDTs.  TTiis  plasma  coupling  transfer  principle 
has  a  very  slim  operating  margin;  therefore,  the  Hamamatsu  Driver/Amplifier 
circuit  is  utilized  to  generate  the  proper  phasing  signals.  Reference  5  provides  a 
more  detailed  description  of  the  operating  principles  employed  in  the  plasma- 
coupled  device  linear  image  sensor.  The  driver/amplifier  circuit  is  described  in 
more  detail  in  a  following  section. 

3.  Output  Section 

This  section  applies  the  address  pulses  generated  by  the  shift  register  to 
each  photodiode  in  succession.  This  allows  the  charge  on  each  photodiode  to  be 
read  out  in  series.  A  bank  of  512  bipolar  pnp  switching  transistors  is  used  for 
this  purpose.  When  the  negative  address  pulse  is  applied  to  the  base  of  a 
particular  switching  transistor,  the  transistor  turns  on  and  couples  the  charge 
stored  on  its  associated  photodiode  to  the  common  output  line.  Reference  5 
refers  to  this  common  output  line  as  the  video  signal  line. 

C.  HAMAMATSU  DRIVER/AMPLIFIER  CIRCUIT 

The  C2325  series  low-noise  driver/amplifier  circuit  was  developed  by 
Hamamatsu  specifically  for  use  with  the  PCD  linear  image  sensors.  The  circuit 
generates  the  start  pulse  for  beginning  the  scan  of  the  detector.  It  generates  the 
proper  three-phase  clock  to  drive  the  PCD  and  it  contains  the  charge  amplifier 
used  to  process  the  video  signal  in  the  integration  mode.  The  driver/amplifier 
board  consists  of  three  basic  parts.  The  controller  section  generates  all  necessary 
control  signals.  The  driver  section  scans  the  PCD  image  sensor.  The  amplifier 
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section  processes  the  video  data  signal  [Ref.  5].  Technical  data  for  the 
driver/amplifier  circuit  is  given  in  Appendix  B.  The  circuit  diagram  is  in  Figure 
4  of  Appendix  B, 

1 .  Controller  Section 

The  controller  section  receives  two  input  signals  from  the  MUSTANG 
interface  circuit.  One  is  a  system  clock  which  is  the  same  as  the  Bit  Clock 
received  from  the  PCM  encoder.  The  other  is  the  positive  Start  signal  which 
indicates  the  time  for  the  start  of  a  new  scan  of  the  image  sensor.  The  controller 
passes  these  two  signals  to  the  driver  section,  and  generates  two  output  signals  of 
its  own.  One  output  is  the  Trigger  signal  which  indicates  when  the  Video  Data 
signal  for  each  photodiode  is  valid.  The  Trigger  signal  is  high  for  one  period  of 
the  input  Bit  Clock  indicating  that  the  analog  voltage  is  valid.  It  is  low  for  the 
next  three  periods  of  the  Bit  Clock  while  the  next  photodiode  is  read  out.  A 
summary  of  the  signals  that  are  either  used  by,  or  supplied  from  the 
driver/amplifier  circuit  is  given  is  Figure  2-4.  An  End  of  Scan,  BEOS,  signal  is 
also  generated  by  the  controller,  and  it  indicates  that  the  last  photodiode  in  the 
array  has  been  read.  This  signal  is  not  used  in  the  MUSTANG  application. 

The  frequency  of  the  Bit  Clock  determines  the  rate  at  which  the 
photodiodes  are  read  out.  A  new  one  is  read  out  every  four  periods  of  the  bit 
clock.  The  frequency  of  the  Start  signal  determines  how  long  charge  is  allowed 
to  accumulate  in  the  photodiodes.  After  each  photodiode  is  read  out,  the  video 
signal  is  reset  to  ground.  The  photodiode  begins  to  accumulate  charge  again 
until  it  is  scanned  in  the  next  cycle.  The  time  between  reading  the  photodiode  in 
one  data  frame  to  reading  the  same  photodiode  in  the  next  frame  is  the  same  as 
the  Start  signal  period  [Ref.  5:p.  5]. 
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5jis  Period 


Figure  2-4  Driver/Amplifier  Circuit  Control  Signals  [After  Ref.  5: 

p.  13] 
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Video  Data 


2 .  Driver  Section 

The  driver  section  receives  the  Bit  Clock  and  positive  Start  pulse  from 
the  controller.  It  generates  the  proper  three-phase  clock.  It  also  generates  a 
negative  Start  pulse  which  is  properly  synchronized  to  the  three-phase  clock  in 
order  to  begin  the  scan.  The  amplitude  and  the  phase  relationship  of  each  phase 
of  the  three-phase  clock  are  vital  to  the  proper  operation  of  the  PCD  shift 
register.  These  parameters  must  fall  within  a  specific  operating  margin  in  order 
for  the  HCDT  array  to  be  able  to  pass  the  active  state  from  one  to  the  next 
adjacent  HCDT.  The  Hamamatsu  driver/amplifier  board  is  matched  to  the 
appropriate  PCD  linear  image  sensor,  so  the  user  need  not  worry  about 
generation  of  the  proper  clock  phases  and  start  sequence  [Ref.  5:p.  2]. 

3.  Amplifier  Section 

The  amplifier  section  processes  the  video  signal  produced  by  the  PCD 
image  sensor  integrated  circuit.  The  processed  video  signal  is  referred  to  as  the 
Video  Data  signal.  Two  methods  are  available  to  process  the  raw  charge  signal 
read  out  of  the  photodiode.  The  current-detection  method  uses  a  resistive  load, 
but  is  nonlinear  and  suffers  from  a  time  skew  problem;  therefore,  it  is  not  used. 
The  current-integration  method  uses  a  charge  amplifier,  and  is  utilized  in  the 
driver/amplifier  circuit.  The  total  current  from  the  photodiode  is  fed  to  an 
operational  amplifier  in  an  integrator  configuration.  This  integrated  current 
signal  has  excellent  linearity,  even  for  very  low-level  outputs. 

Most  of  the  photodiode  charge  is  read  out  in  the  first  several  hundred 
nanoseconds,  so  the  Video  Data  signal  has  a  rectangular  shape  with  a  rounded 
rising  edge.  This  produces  an  analog  signal  that  is  stable  for  most  of  the  20|j.s 
period.  The  Trigger  output  signal  is  enabled  when  the  Video  Data  signal  is  at  its 
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most  stable  point.  The  Trigger  signal  is  used  by  the  interface  circuit  to  start 
analog-to-digital  conversion  as  described  in  Chapter  IV.  The  amplifier  section 
applies  a  reset  pulse  to  the  Video  Data  signal  to  discharge  it  to  ground  following 
the  falling  edge  of  the  trigger  signal.  This  allows  the  next  photodiode  to  be  read 
out  accurately.  It  also  fully  discharges  the  current  photodiode  so  that  it  may 
again  begin  accumulating  charge  for  the  next  readout  cycle  [Ref.  5:p.  5]. 

D.  PCM  ENCODER  COMPONENTS 

The  Aydin  Vector  MMP-600  Series  Pulse  Code  Modulation  (PCM)  encoder 
performs  two  basic  functions.  It  provides  all  necessary  clock  synchronization 
signals  to  the  experiments,  and  it  collects  any  analog  or  digital  data  to  be 
transmitted  to  the  ground  station  during  the  sounding  rocket  flight.  The  PCM 
encoder  for  a  particular  sounding  rocket  mission  is  formed  from  a  library  of 
separate  standard  modules.  The  library  is  maintained  at  NASA  Wallops  Flight 
Facility  in  Wallops  Island,  Virginia.  The  modules  are  bolted  together  into  what 
is  known  as  the  PCM  stack.  Only  the  PCM  encoder  modules  which  are  pertinent 
to  experiment  data  collection  from  the  MUSTANG  payload  will  be  discussed  in 
the  following  sections.  For  a  full  explanation  of  all  available  PCM  modules,  see 
Reference  6. 

1.  PX-628  Power  Supply 

The  PX-628  Power  Supply  module  is  placed  at  one  end  of  the  stack.  It 
serves  two  purposes.  This  module  accepts  +28V  power  from  the  rocket 
electrical  distribution  system  and  converts  it  to  all  DC  voltages  necessary  to 
power  the  different  modules  in  the  stack.  It  also  provides  the  master  system  Bit 
Clock  to  the  modules  in  the  stack.  The  Bit  Clock  frequency  is  programmable  via 
several  input  pins  on  this  module.  Available  bit  rates  are  800,  400,  200,  100,  50, 
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25,  12.5  and  6.25  kilobits  per  second  (kbps).  The  200kbps  bit  rate  is  used  on  this 
sounding  rocket  flight. 

2 .  PR-614  Processor 

The  PR-614  Processor  module  contains  the  control  circuitry  for  the 
entire  PCM  stack.  The  module  executes  the  software  program  stored  in  the 
erasable  programmable  read-only  memory  (EPROM)  in  the  end  plate  module.  It 
controls  the  synchronization,  timing  and  operation  of  the  entire  sounding  rocket 
system. 

3.  TM.615P  Timer 

The  TM-615P  Timer  module  performs  two  major  functions.  The  first 
function  is  to  produce  the  Word  Clock  and  Frame  Clock  from  the  system  Bit 
Clock.  Eight,  nine  or  ten-bit  words  are  programmable  in  the  timer  module. 
Ten-bit  data  words  are  used  for  this  sounding  rocket  flight.  The  Word  Clock 
signal  provides  a  pulse  every  ten  cycles  of  the  Bit  Clock.  The  structure  of  the 
data  frame  is  also  controlled  by  the  EPROM  software  program.  The  Frame 
Clock  provides  a  single  positive  pulse  at  the  beginning  of  each  new  frame  of 
data.  All  of  the  clock  synchronization  signals  produced  by  the  timer  module  are 
shown  in  Figure  2-5. 

The  second  function  of  the  timer  module  is  to  serialize  the  ten-bit  digital 
data  words  prior  to  sending  them  to  the  transmitter.  Digital  data  can  enter  the 
timer  module  from  two  sources.  Data  can  come  from  an  analog-to-digital 
converter  module  in  the  PCM  stack.  Data  can  also  come  from  the  digital 
multiplexer  module  discussed  in  the  following  section.  The  data  words  are 
serialized  by  use  of  the  Word  Clock  and  Bit  Clock.  The  bit  stream  is  then 
converted  to  a  format  compatible  with  the  modulator  and  transmitter.  Return- 
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Figure  2-5  PCM  Encoder  Clock  Synchronization  Signals 
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to-zero,  nonreturn-to-zero  and  bipolar  data  types  are  programmable  in  the  timer 
module.  The  properly  formatted  data  bit  stream  is  then  sent  to  the  sounding 
rocket  modulator  and  transmitted  via  an  RF  downlink  to  the  ground  station. 

Binary  digital  data  is  transmitted  to  the  ground  station  in  structured 
frames.  Each  frame  is  separated  in  the  PCM  encoder  by  use  of  the  Frame  Clock. 
A  frame  of  data  corresponds  to  1024  ten-bit  words.  512  words  in  the  frame  are 
for  the  MUSTANG  experimental  data.  The  remaining  512  words  are 
synchronizing  words  and  Housekeeping  data  from  various  rocket  systems. 
Format  of  the  PCM  communication  frame  is  shown  in  Figure  2-6.  The  first  14 
data  words  in  the  frame  correspond  to  Housekeeping  data.  The  next  16  words 
are  the  first  16  pixels  in  the  MUSTANG  spectrum.  This  cycle  continues  to  the 
end  of  the  frame  as  indicated  in  Figure  2-6.  Several  of  the  Housekeeping  words 
in  the  PCM  communication  matrix  are  of  particular  concern  to  the  MUSTANG 
instrument.  They  indicate  when  normal  and  high  voltage  power  are  applied  to 
the  instrument,  and  whether  low  or  high  gain  is  selected.  These  data  words  can 
be  stripped  out  of  the  PCM  matrix  and  monitored  during  rocket  flight  to 
determine  the  status  of  the  MUSTANG  instrument.  The  Housekeeping  words  of 
interest  to  the  MUSTANG  are  indicated  in  Figure  2-6. 

4.  PD'629  30-Input  Parallel  Digital  Data  Multiplexer 

The  PD-629  digital  multiplexer  collects  digital  data  from  the 
MUSTANG  payload  in  the  form  of  parallel  ten-bit  words.  It  sends  an  Enable 
signal  to  the  MUSTANG  at  the  appropriate  time  in  the  PCM  communication 
frame  shown  in  Figure  2-6.  The  Enable  signal  tells  the  MUSTANG  that  the 
PCM  encoder  is  ready  to  accept  its  data.  The  relationship  of  the  Enable  signal  to 
the  synchronizing  clock  signals  is  shown  in  Figure  2-5.  The  Enable  signal  is 
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Figure  2-6  PCM  Communication  Frame  Matrix  [After  Ref.  4:p.  16] 
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5v  Amplifier  Monitor  16  tubframes/frame 

15v  Amplifier  Monitor  1024  woids/fnme 

Sv  High  Voltage  Monitor 


high  for  16  cycles  of  the  Word  Clock  to  collect  16  data  words  from  MUSTANG, 
and  then  it  goes  low  for  16  cycles  to  collect  data  from  elsewhere  in  the  rocket. 
The  discrepancy  with  the  falling  edge  of  this  Enable  signal  is  discussed  in  detail 
in  Chapter  III.  The  method  in  which  this  module  collects  the  data  from 
MUSTANG  is  fully  discussed  in  Chapter  IV. 

5.  EP-612  End  Plate 

The  EP-612  End  Plate  module  attaches  to  the  PCM  stack  at  the  end 
opposite  to  the  power  supply  module.  It  contains  the  256  by  8-bH  EPROM 
which  has  been  loaded  with  the  software  program  to  control  the  PCM  encoder 
for  the  particular  mission.  A  new  EPROM  is  programmed  for  each  specific 
sounding  rocket  flight. 

E.  ROCKET  POWER  DISTRIBUTION 

Power  is  supplied  to  the  Experiment  section  of  the  rocket  from  a  +28V 
battery  located  in  the  T/M  section.  The  rocket  switches  to  internal  battery  power 
approximately  30  seconds  prior  to  lift  off.  The  battery  is  capable  of  supplying 
the  necessfiry  power  for  the  rocket  payloads  for  the  entire  flight  duration.  The 
rocket  supplies  two  separate  +28 V  power  lines  to  the  MUSTANG  instrument.  A 
timer  in  the  T/M  section  controls  when  these  power  lines  become  energized. 
One  +28V  line  supplies  normal  power  to  the  MUSTANG  instrument,  and  the 
other  line  supplies  power  to  the  high  voltage  circuitry.  Each  +28V  supply  is 
converted  to  +15V,  -15V  and  +5V  with  two  DC-to-DC  converters  located  in  the 
HV  section  of  the  rocket  (see  Figure  2-2). 

The  ±15V  and  +5V  are  distributed  to  the  prop)er  portions  of  the  MUSTANG 
payload  through  a  relay  board  which  is  also  located  in  the  HV  section  of  the 
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rocket.  T/M  timers  are  programmed  so  that  instrument  power  is  applied  85 
seconds  and  high  voltage  power  96  seconds  after  the  rocket  launch. 
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III.  PROBLEMS  FROM  PREVIOUS  TEST  FLIGHT 

MUSTANG  was  launched  on  a  sounding  rocket  from  White  Sands  Missile 
Range  in  March  1990,  on  NASA  flight  number  36.053DE.  The  measurements  of 
ultraviolet  emissions  in  the  earth’s  ionosphere  recovered  by  the  MUSTANG 
instrument  as  a  result  of  this  flight  are  the  best  data  that  the  scientific  community 
has  seen  to  date  in  the  1800-3400A  wavelength  region.  Despite  the  success  of  the 
mission,  there  were  some  problems  with  data  dropouts.  Several  Naval 
Postgraduate  School  theses  have  analyzed  these  data.  The  cause  of  the  data  loss 
was  believed  to  be  in  the  design  of  the  electronic  interface  circuit.  This  belief 
was  confirmed  as  a  result  of  tests  conducted  on  the  electronic  interface.  These 
test  results  are  reported  in  Chapter  VI.  The  primary  goal  of  this  thesis  is  to 
redesign  the  electronic  interface  circuit  so  that  it  will  provide  the  most  reliable 
data  possible  from  the  1800-3400A  wavelength  region  of  the  ultraviolet 
spectrum.  To  design  a  better  interface,  a  full  understanding  of  the  problems  and 
limitations  of  the  existing  electronic  interface  was  necessary. 

A.  LEAST  SIGNIFICANT  BIT  OF  THE  DATA  WAS  NOT  USED 

The  least  significant  bit  (LSB)  of  data  was  not  used  in  the  last  flight,  although 
it  was  digitized  by  the  Analog-to-Digital  (A/D)  converter.  Figure  3-3  of 
Reference  4  shows  that  the  LSB  had  been  grounded  in  the  interface  circuit.  This 
was  primarily  due  to  the  circuit  components  which  had  to  be  acquired  in  a 
relatively  short  time,  prior  to  the  rocket  flight.  A  12-bit  A/D  converter  was  the 
most  readily  available  device  that  could  perform  the  data  conversion  in  the 
required  amount  of  time.  A  single  nine-bit  First-in-First-out  (FIFO)  memory 
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chip  was  used  for  memory  storage.  The  Aydin  Vector  MMP-600  PCM  Encoder 
was  configured  to  accept  ten-bit  words  from  the  MUSTANG  payload.  This 
meant  that  the  last  two  bits  of  the  digital  word  produced  by  the  A/D  converter 
had  to  be  truncated.  The  availability  of  only  a  single  nine-bit  FIFO  memory 
device  meant  that  an  additional  bit  had  to  be  truncated.  As  a  result,  the  tenth  bit 
was  discarded,  and  is  zero  in  the  data  words  recovered  from  the  last  MUSTANG 
flight. 

This  was  not  necessarily  a  problem  with  the  original  interface  circuit,  but 
rather  an  unnecessary  hardware-imposed  limitation.  It  was  a  limitation  in  the 
resolution  of  the  data  caused  by  the  electronic  interface  circuit,  and  not  required 
by  the  PCM  encoder  provided  by  NASA.  Since  the  standard  FIFO  memory  chip 
size  is  nine  bits  or  less,  this  limitation  was  corrected  in  the  revised  interface 
circuit  by  adding  an  additional  FIFO  chip  in  parallel.  Another  option  considered 
was  to  replace  the  FIFO  with  a  wider  version  that  could  handle  ten  bits.  The 
next  size  larger  than  nine  bits  is  an  18-bit  FIFO  which  is  currently  under 
development,  but  not  yet  commercially  available. 

B.  EVERY  17TH  DATA  WORD  IN  THE  SPECTRUM  WAS  LOST 

Analysis  of  the  data  from  the  last  MUSTANG  flight  revealed  that  an 
apparent  wavelength  shift  was  present  in  the  spectral  components.  The  shift  was 
more  pronounced  at  the  higher  wavelength  end  of  the  spectrum  than  at  the  lower 
end.  By  comparing  some  known  atmospheric  emissions  to  the  data,  it  was 
suspected  that  every  17th  data  word  in  the  frame  of  512  data  words  was  skipped 
somehow.  Inspection  of  the  enable  signal  provided  by  the  PD-629  30-input  Bi- 
Level  Multiplexer  showed  that  it  did  not  go  low  with  the  rising  edge  of  the  Word 
Clock  for  the  17th  word  of  the  subframe  as  expected.  The  PCM  Encoder 


23 


Handbook  is  not  specific  on  timing  characteristics  of  the  falling  edge  of  the 
enable  signal  as  shown  in  Figure  3-1. 
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Figure  3-1  PD-629  Timing  Diagram  [After  Ref.  6:p.  43] 

The  reason  that  every  17th  word  was  discarded  has  to  do  with  the  way  that 
the  read  enable  pulse  to  the  FIFO  memory  chip  was  formed.  The  Word  Clock 
and  Enable  signals  of  Fig.  3-1  were  supplied  to  the  inputs  of  a  nand  gate  and  the 
output  was  used  as  the  read  enable  pulse  for  the  FIFO.  Since  the  Enable  signal 
was  found  to  overlap  the  17th  word  pulse  as  shown  in  Figure  2-1,  a  spurious 
read  enable  pulse  was  sent  to  the  FIFO.  This  caused  a  word  to  be  read  out  of 
memory  when  the  PCM  Encoder  was  not  looking  for  a  data  word  from  the 
MUSTANG  payload;  therefore,  the  word  was  lost.  This  was  clearly  a  design 
flaw  of  the  original  electronic  interface  circuit  which  could  not  have  been 
discovered  until  after  the  launch. 

Reference  6  does  give  some  warning  that  the  Enable  signal  provided  by  the 
PD-629  module  is  not  a  clean  signal.  It  warns  that  decoding  spikes  may  be 
present  on  the  Enable  lines,  and  gives  a  suggested  circuit  to  create  a  gated  enable 
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signal.  This  gated  enable  signal  in  conjunction  with  the  Word  Clock  should  then 
be  used  to  trigger  the  interface  circuitry,  Hiis  guidance  was  not  followed  in  the 
original  interface  circuit,  but  was  adhered  to  in  the  present  circuit. 

The  main  reason  that  this  problem  was  not  identined  prior  to  launch  has  to 
do  with  the  artificial  testing  environment  set  up  in  the  laboratory.  The  Ground 
Support  Equipment  (GSE)  used  to  test  the  MUSTANG  in  the  lab  will  be 
described  in  detail  in  Chapter  V.  In  short,  the  GSE  provides  all  of  the  clocking 
signals  which  are  normally  provided  by  the  Aydin  Vector  MMP-600  PCM 
Encoder  on  the  rocket.  These  signals  are  perfectly  synchronous,  and  the  overlap 
in  the  Enable  signal  is  not  present  in  the  GSE.  Consequently,  when  the  interface 
circuit  was  tested  in  the  lab,  it  functioned  normally  with  no  lost  data  words.  It 
was  not  until  the  circuit  operated  on  the  rocket  with  the  imperfect  Enable  signal, 
that  the  data  loss  problem  became  apparent. 

This  problem  was  prevented  in  the  revised  electronic  interface  circuit  by 
adhering  to  the  guidance  for  constructing  a  gated  enable  signal  in  Reference  6 
[Ref.  6:pp.  43-44],  In  addition,  we  conducted  a  special  test  of  the  prototype 
interface  circuit  with  the  actual  PCM  Encoder  hardware  on  the  rocket  prior  to 
construction  of  the  flight  qualified  circuit.  This  test  is  described  in  detail  in 
Chapter  VII. 

C.  ADDITIONAL  THREE  DATA  WORDS  LOST  IN  THE 

SPECTRUM 

Further  analysis  of  the  data  from  the  first  MUSTANG  flight  revealed  that 
the  loss  of  every  17th  data  word  in  the  spectrum  did  not  fully  account  for  the 
apparent  wavelength  shift  observed  in  the  spectrum  [Ref.  3:p.  72].  The  location 
of  some  spectral  features  suggested  that  an  additional  three  data  words  had  been 
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lost.  In  Reference  3,  LT  Carl  Anderson  predicted  that  one  of  the  additional  lost 
data  words  occurred  adjacent  to  one  of  the  every- 17th- words  that  was  dropped 
out.  This  meant  that  two  adjacent  data  words  in  the  spectrum  were  lost.  This 
prediction  was  based  on  a  comparison  between  the  observed  and  theoretical  line 
profile  for  a  known  oxygen  emission  at  2972A. 

At  the  end  of  every  frame  of  512  data  words  in  the  MUSTANG  flight  data, 
were  32  data  words  that  were  zero,  indicating  that  32  words  had  been  lost.  This 
also  supports  the  theory  that  an  additional  three  data  words  were  lost  somewhere 
in  the  spectrum.  The  exact  cause  of  this  additional  data  loss  has  not  been 
determined.  The  only  plausible  explanation  for  the  loss  is  that  spurious  read 
enable  pulses  were  created  which  caused  the  FIFO  to  skip  three  more  words. 
This  could  be  due  to  the  noise  spikes  on  the  Enable  line  mentioned  in  Reference 
6.  If  a  noise  spike  occurred  at  the  same  time  that  the  Word  Clock  was  high,  a 
spurious  read  enable  pulse  would  be  sent  to  the  FIFO.  If  this  pulse  were  of 
sufficient  duration,  120ns,  an  additional  data  word  would  be  lost. 

The  solution  to  the  whole  data  loss  problem  hinged  on  creating  a  clean, 
synchronous  Enable  signal  to  use  for  data  transfer.  Using  a  gated  enable  signal 
as  described  in  Reference  6  corrected  the  problem  of  the  additional  three  data 
words  being  lost.  This  does  not  explain  exactly  how  they  were  lost  on  the  first 
MUSTANG  flight,  but  it  does  correct  the  problem.  The  test  described  in 
Chapter  VI  verified  this  solution. 

D.  FIFO  READ  TIMING  SPECIFICATIONS  WERE  VIOLATED 

One  of  the  fundamental  design  concepts  in  electronic  circuit  design  is  worst- 
case  timing  analysis.  Propagation  delay  and  setup-and-hold  time  specifications 
are  given  for  all  integrated  circuits  in  their  associated  databooks.  In  analyzing 
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the  proper  circuit  operation,  one  must  consider  the  worst-case  values  of  these 
timing  parameters  in  order  to  ensure  the  circuit  will  function  as  designed  in  all 
cases.  Modern  integrated  circuits  are  very  reliable  and  typically  operate  much 
better  than  their  worst  case  specifications,  but  this  should  never  be  relied  upon  in 
circuit  design. 

The  portion  the  the  original  interface  circuit  which  read  data  out  of  the  FIFO 
memory  and  latched  the  data  did  not  stand  up  to  worst-case  timing  analysis.  Data 
read  out  of  the  FIFO  only  stays  valid  for  a  minimum  of  5ns  after  the  read  enable 
pulse  returns  high.  The  original  interface  circuit  used  the  same  pulse  for  the 
read  enable  and  the  latch  signal  to  the  octal  latches.  The  latch  signal  was  derived 
by  passing  the  read  enable  pulse  through  a  nand  gate  so  that  the  inverted  pulse 
could  be  used.  This  also  imposes  a  delay  on  the  latch  pulse  which  is  delayed  a 
maximum  of  15ns  from  the  read  pulse.  The  high  speed  CMOS  latches  also  had  a 
data  hold  time  requirement  of  a  minimum  of  12ns.  This  means  that  data  must  be 
valid  at  the  input  to  the  latch  for  at  least  12ns  after  the  latch  pulse  goes  low. 
These  timing  parameters  are  demonstrated  in  Figure  3-2.  In  the  worst-case 
conditions  the  data  may  have  already  become  invalid  even  before  the  latch  pulse 
went  low.  Under  these  conditions  this  would  have  resulted  in  the  octal  latches 
latching  invalid  data.  The  fact  that  the  circuit  appeared  to  function  correctly  in 
this  application  is  a  tribute  to  modem  integrated  circuits,  and  shows  that  they 
functioned  much  better  than  their  worst-case  performance.  This  kind  of  circuit 
design  is  best  avoided.  The  issue  of  timing  analysis  was  treated  very 
meticulously  in  the  design  of  the  revised  interface  circuit,  and  is  related  in 
Chapter  IV. 
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Figure  3-2  Worst-Case  Read  Timing  Analysis 

E.  FIXED  INSTRUMENT  GAIN  FOR  ENTIRE  FLIGHT 

Because  it  operates  between  the  altitudes  of  approximately  100  to  320km,  the 
MUSTANG  instrument  sees  a  variation  of  three  orders  of  magnitude  in  intensity. 
Selection  of  the  instrument  gain  was  a  tradeoff  between  not  saturating  the 
detector  at  high  intensities,  and  ensuring  that  useful  data  was  still  obtained  at  low 
intensities.  The  gain  is  set  by  the  level  of  a  control  voltage  applied  to  the  high 
voltage  power  supply.  The  gain  of  the  instrument  is  an  exponential  function  of 
that  control  voltage.  Consequently,  the  gain  selection  is  a  very  important  issue  in 
the  preparation  of  the  MUSTANG  instrument  for  flight. 

The  ability  to  change  the  instrument  gain  while  it  is  in  flight  is  a  very 
desirable  feature.  This  would  allow  data  acquisition  at  low  gain  when  the 
ultraviolet  intensity  is  high  and  high  gain  when  the  intensity  is  low.  This  would 
provide  a  greater  dynamic  range  in  the  actual  data  gathered  from  a  single  rocket 
launch.  Since  the  instrument  gain  is  an  exponential  function  of  the  control 
voltage,  the  voltage  would  not  have  to  change  much  to  have  a  large  effect  on  the 
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gain.  This  implies  that  a  simple  circuit  modification  is  all  that  is  necessary,  along 
with  associated  control  signals,  in  order  to  make  the  instrument  gain  adjustable 
during  flight. 

The  short  time  constraints  and  difficulty  with  the  original  electronic 
interface  circuit  prevented  this  feature  from  being  added  on  the  first  MUSTANG 
flight.  Redesigning  the  interface,  and  ample  lead  time  allowed  its  inclusion  in  the 
revised  interface  circuit.  The  gain  selection  portion  of  the  interface  is  discussed 
in  detail  in  Chapter  IV. 

F.  FLIGHT  QUALIFIED  PARTS  NOT  UTILIZED 

An  important  consideration  in  any  electronic  circuit  construction  for  a  space 
or  military  application  is  that  it  utilize  high  reliability  components.  The  military 
specification  for  high  reliability  integrated  circuits  is  MILSTD  883  Class  B.  The 
integrated  circuits  which  conform  to  this  standard  have  been  individually, 
rigorously  tested  to  ensure  reliable  performance  across  a  wide  temperature 
range.  It  is  highly  desirable  to  use  such  components  on  a  sounding  rocket 
mission  where  much  time,  effort  and  money  has  gone  into  planning  and 
execution  of  the  flight.  The  time  during  which  data  is  actually  recorded  in  the 
flight  is  approximately  eight  minutes,  so  it  is  essential  that  the  equipment  be 
functioning  properly  or  all  data  will  be  lost.  Separate  military  specifications 
exist  for  radiation  hard  components,  but  that  is  not  a  concern  in  this  application. 
The  sounding  rocket  flight  is  relatively  short,  and  the  rocket  only  reaches  a 
maximum  altitude  of  approximately  320km  where  radiation  exposure  is  not  a 
great  concern  for  a  short  time  interval. 

All  MTLSTD  integrated  circuits  come  with  documents  which  attest  to  their 
conformance  to  the  specifications,  and  provide  a  traceability  record  for  the 
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individual  component.  Although  these  components  cost  a  great  deal  more  than 
their  commercial  grade  counterparts,  it  is  money  well  spent  in  this  application. 
Another  factor  to  consider,  is  that  MILSTD  components  can  be  harder  to  find, 
and  typically  have  a  longer  lead  time  when  ordering  from  a  manufacturer  or 
distributor.  The  short  development  time  of  the  original  MUSTANG  interface 
circuit  was  the  primary  reason  that  MILSTD  components  could  not  be  procured 
in  time  for  launch.  Enough  time  existed  in  the  development  of  the  revised 
interface  circuit  so  that  it  will  be  flown  with  all  MILSTD  883  Class  B  integrated 
circuits. 

Another  important  circuit  component  which  has  a  military  specification  is 
the  D-Subminiature  connector  (D-Sub).  High  reliability  D-sub  connectors  are 
made  to  conform  to  MILSTD  24308,  and  are  available  in  several  types.  These 
are  essential  in  the  construction  of  flight  qualified  circuits.  A  connector  can  be 
the  weakest  link  in  an  otherwise  well-designed  electronic  circuit.  Bad  connectors 
are  often  times  the  hardest  problem  to  diagnose  in  circuit  troubleshooting. 
MILSTD  D-sub  connectors  were  used  on  the  original  interface  circuit  and  will 
continue  to  be  used  in  the  revised  circuit. 

The  problems  and  considerations  presented  in  this  chapter  document  the 
goals  which  had  to  be  kept  in  mind  in  redesigning  the  electronic  interface  circuit. 
The  design  of  the  revised  interface  is  the  subject  of  the  next  chapter. 
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IV.  ELECTRONIC  INTERFACE  CIRCUIT  DESIGN 

The  purpose  of  this  chapter  is  to  describe  in  detail  the  method  in  which  the 
MUSTANG  electronic  interface  circuit  was  redesigned  to  provide  more  reliable 
data  acquisition.  Because  of  the  problems  with  the  original  interface  circuit 
outlined  in  the  previous  chapter,  it  was  prudent  to  begin  design  from  the  basic 
elements  of  the  flight  configuration  hardware.  The  MUSTANG  instrument 
itself,  as  described  in  Chapter  II,  provides  a  series  of  analog  voltages 
proportional  to  the  intensity  of  various  wavelengths  in  the  ultraviolet  spectrum. 
A  clock  signal  and  a  starting  synchronization  pulse  must  be  provided  to  the 
instrument.  A  new  analog  voltage  is  produced  every  20|is  and  it  is  valid  for  only 
5|j.s.  The  Aydin  Vector  MMP-600  PCM  Encoder  hardware  in  the  rocket 
telemetry  section  provides  the  clock  signals  shown  in  Figure  2-5.  It  can  be 
programmed  to  accept  data  from  the  MUSTANG  payload  that  is  analog  or  digital 
in  the  form  of  eight  to  ten-bit  words.  A  new  data  word  is  accepted  from  the 
instrument  every  50ps  for  16  data  words  in  a  row.  A  period  of  time  lapses 
where  16  data  words  are  accepted  from  elsewhere  in  the  rocket,  and  then  16 
more  words  are  accepted  from  the  MUSTANG  instrument .  This  cycle  continues 
32  times  for  a  total  of  1024  data  words  acquired  by  the  telemetry  section  (512 
MUSTANG  words  plus  512  Housekeeping  words).  A  synchronizing  frame  pulse 
is  then  sent  and  the  cycle  repeats. 

This  asynchronous  nature  of  data  transfer  from  the  MUSTANG  payload  to 
the  rocket  telemetry  section  presents  a  considerable  design  challenge.  The 
electronic  interface  circuit  must  reliably  transfer  data  from  the  MUSTANG  to 
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the  rocket  telemetry  while  adhering  to  the  above  listed  specifications.  The  best 
way  to  perform  this  data  transfer  is  described  in  the  following  sections. 

A.  SELECTION  OF  DATA  ACQUISITION  METHOD 

Several  alternatives  were  available  for  transferring  the  analog  voltage 
produced  by  the  MUSTANG  instrument  to  the  PCM  encoder  in  the  rocket 
telemetry  section.  One  is  to  directly  transfer  the  analog  voltage  signal  to  the 
PCM  encoder.  A  second  alternative  is  to  sample  and  hold  the  analog  signal  at  the 
interface  circuit  in  order  to  perform  an  analog-to-digital  (A/D)  conversion.  The 
digital  word  would  then  be  transferred  to  the  PCM  encoder.  The  final 
alternative  is  to  just  perform  a  direct  A/D  conversion  in  the  interface  circuit,  and 
transfer  the  digital  word.  The  first  two  alternatives  were  ruled  out  for  the 
reasons  described  below. 

1.  Direct  Transfer  of  the  Analog  Voltage  Signal 

Since  the  PCM  encoder  can  be  programmed  to  accept  analog  data  as  an 
input,  it  is  possible  to  transfer  the  analog  signal  directly.  The  PCM  encoder  then 
performs  its  own  A/D  conversion  to  form  the  digital  words  that  are  telemetered 
to  the  ground  station.  There  are  two  separate  reasons  that  make  this  method 
impractical.  The  physical  distance  that  the  analog  signal  must  travel  from  the 
MUSTANG  payload  to  the  rocket  telemetry  section  is  on  the  order  of  five  feet. 
This  long  signal  path  would  introduce  an  unacceptable  amount  of  noise  and 
attenuation  on  the  analog  signal,  resulting  in  unreliable  data.  Figure  2-1 
illustrates  the  physical  location  of  these  components.  Additionally,  this  method 
of  data  acquisition  is  physically  impossible  since  the  MUSTANG  produces  analog 
voltage  signals  at  a  constant  rate  and  the  PCM  encoder  acquires  data  in  an 
asynchronous  manner. 
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2.  Sample  and  Hold  for  Analog-to-Digital  Conversion 

The  analog  signal  from  the  MUSTANG  could  be  fed  to  a  sample  and 
hold  circuit  in  the  electronic  interface  during  the  Sps  when  the  analog  voltage  is 
valid.  In  the  remaining  15|is  before  the  next  analog  voltage  becomes  valid,  the 
signal  could  be  digitized  with  an  A/D  converter.  The  digital  data  word  could 
then  be  transferred  to  the  PCM  encoder  much  more  reliably  than  an  analog 
signal.  Digital  data  is  easily  stored,  so  a  memory  device  solves  the  asynchronous 
data  transfer  problem.  The  problem  with  this  method  is  that  the  sample  and  hold 
circuit  imposes  an  unnecessary  level  of  complexity  on  the  interface.  The 
reliability  of  the  interface  circuit  is  the  most  important  design  factor,  and  the 
next  alternative  provides  a  more  reliable  method  of  data  transfer. 

3.  Direct  Analog-to>Digital  Conversion 

Direct  A/D  conversion  of  the  analog  signal  at  the  interface  circuit  is  the 
simplest  method  of  transferring  the  data  from  the  MUSTANG  to  the  PCM 
encoder.  This  allows  for  digital  data  transfer  from  the  instrument  to  telemetry 
which  is  preferred.  A  single  component  performs  the  conversion  directly  which 
contributes  to  high  reliability.  The  only  problem  with  this  method  is  that  the 
A/D  conversion  must  occur  very  rapidly,  as  the  analog  signal  is  only  valid  for 
5)is.  This  requires  a  relatively  complex  and  expensive  A/D  converter.  Even 
considering  the  cost,  this  is  a  more  desirable  alternative  than  the  less  reliable 
approach  of  using  a  sample  and  hold  circuit. 

B.  DIGITIZING  OF  THE  ANALOG  SIGNAL 

An  Ultrafast  Hybrid  A/D  converter  was  selected  to  perform  the  direct  A/D 
conversion  described  in  the  above  section.  Technical  data  for  the  Analog 
Devices  HAS- 1202 A  A/D  converter  is  located  in  Appendix  D.  This  same 
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integrated  circuit  was  flown  on  the  last  MUSTANG  flight  and  provided  very 
reliable  operation.  It  can  perform  a  12-bit  conversion  in  a  maximum  of  1.56(is 
based  on  the  minimum  pulse  width  of  the  Encode  command.  The  largest  data 
word  that  the  PCM  encoder  can  accept  is  ten  bits,  so  the  last  two  bits  from  the 
A/D  converter  will  be  truncated.  Several  ten-bit  A/D  converters  are  available, 
but  they  do  not  meet  the  stringent  conversion  time  requirements.  The  Analog 
Devices  A/D  converter  is  not  available  in  a  MILSTD  883  Class  B  screened 
version;  however,  a  component  which  has  been  screened  to  all  military 
temperature  requirements  and  most  MILSTD  883  requirements,  is  available  and 
was  procured  for  this  mission. 

1.  Control  Signals 

Only  one  input  control  signal  is  required  by  the  A/D  converter,  and  it 
provides  one  control  signal  as  an  output.  A  positive  Encode  command  pulse  of 
minimum  duration  50ns  starts  the  A/D  conversion  process.  Data  conversion 
begins  60ns  after  the  rising  edge  of  the  Encode  command,  and  is  signified  by  the 
rising  edge  of  the  Data  Ready  signal.  If  the  Encode  command  pulse  is  longer 
than  the  required  minimum,  then  data  conversion  takes  a  maximum  of  1 .46p.s 
from  the  falling  edge  of  the  Encode  command  signal.  If  the  Encode  command  is 
the  minimum  pulse  width  then  data  conversion  is  complete  a  maximum  of  1.56|j.s 
after  the  rising  edge  of  the  Encode  pulse.  Completion  of  the  data  conversion  is 
indicated  by  the  falling  edge  of  the  Data  Ready  signal.  See  Figure  I  in  Appendix 
D  for  a  timing  diagram  of  these  signals. 

As  described  in  Chapter  II  the  Trigger  signal  from  the  Hamamatsu 
Driver  Amplifier  circuit  goes  high  when  the  output  analog  voltage  from  the 
MUSTANG  instrument  is  stable.  This  rising  edge  is  used  to  start  the  data 
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conversion  process  in  the  A/D  converter.  The  Trigger  signal  cannot  be  used 
directly  since  it  remains  high  for  the  entire  5p,s  that  the  analog  voltage  is  stable. 
A  positive  Encode  signal  pulse  is  created  with  a  monostable  multivibrator  which 
is  triggered  by  the  rising  edge  of  the  Trigger  signal.  Technical  data  for  the 
54LS221,  monostable  multivibrator,  is  listed  in  Appendix  I.  The  pulse  width  of 
the  positive  pulse  produced  by  the  monostable  is  programmable  by  selecting  an 
external  resistor  and  capacitor.  The  equation  for  the  pulse  width  is  shown  in 
Equation  4-1. 

tw  —  Rcxt  ^ext  ln(2)  (4-1) 

Good,  quality  components  must  be  selected  for  the  external  resistor  and 
capacitor  since  the  duration  of  the  produced  pulse  is  critical  to  circuit  oj)eration. 
Metal  film  resistors  with  a  1%  tolerance  were  selected  for  use  with  the 
monostable  multivibrators  in  the  interface  circuit.  Poly  film  capacitors  with  a 
5%  tolerance  were  also  selected.  Component  values  were  selected  to  give  an 
Encode  signal  pulse  width  of  525ns.  This  caused  the  data  conversion  to  complete 
within  a  maximum  of  1.985|i,s  from  the  rising  edge  of  Encode.  This  is  fast 
enough  to  ensure  the  data  conversion  is  complete  prior  to  the  noisy  portion  of 
the  analog  signal  which  happens  at  the  Bit  Clock  transition,  2.5p.s  after  the  rising 
edge  of  Encode  [Ref.  4;p.  74]. 

2.  Gain  Selection  for  Input  Analog  Voltage  Range 

The  Analog  Devices  A/D  converter  allows  analog  input  voltages  in  the 
range  of  zero  to  10.496  volts.  If  the  input  voltage  is  expected  to  be  less  than  the 
maximum  allowed  by  the  A/D  converter,  then  the  input  voltage  can  be  scaled  by 
proper  selection  of  an  external  resistor.  The  external  scaling  circuit  is  shown  in 
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Figure  2  of  Appendix  D.  The  value  of  the  external  resistor,  R2,  is  calculated 
from  Equation  4-2,  given  the  full  scale  input  voltage. 


R2  =  860 


(VfsX  97.60  ^65 


(4-2) 


[1025-(VfsX97.66)j 
The  maximum  analog  voltage  expected  to  be  supplied  by  the  MUSTANG 
instrument  is  8.24V.  This  corresponds  to  a  resistor  value  of  2500Q  for  R2 
which  was  used  in  the  electronic  interface. 


C.  MEMORY  STORAGE  REQUIREMENT 

Once  a  data  word  is  produced  by  the  A/D  converter,  it  must  be  temporarily 
stored  in  the  interface  circuit  until  the  PCM  encoder  is  ready  to  accept  it.  This  is 
due  to  the  asynchronous  nature  in  which  the  PCM  encoder  acquires  data  from  the 
MUSTANG  payload.  The  Hamamatsu  PCD  Linear  Image  Sensor  and  Driver 
Amplifier  circuit  provide  a  new  analog  voltage  signal  corresponding  to  a 
particular  ultraviolet  wavelength  every  20jxs.  This  occurs  synchronously  until 
the  entire  linear  image  sensor  array  of  512  photodiodes  is  read  out.  The  data  is 
produced  in  a  total  of  512  x  20p,s  =  10.24ms.  The  PCM  encoder  acquires  16 
data  words  at  intervals  of  50p.s  followed  by  800p.s  with  no  data  accepted  from 
the  MUSTANG  payload.  The  entire  array  of  512  data  words  from  the 
MUSTANG  payload  is  acquired  in  a  total  of  512  x  50ps  +  32  x  800|is  =  51.2ms. 
See  Figure  2-6  for  construction  of  the  PCM  communication  matrix. 

The  two  differing  data  rates  clearly  indicate  the  need  for  some  type  of 
temporary  data  storage  in  the  interface  circuit.  The  memory  device  must 
support  an  asynchronous  read  and  write  capability  since  both  operations  must  be 
allowed  to  proceed  at  their  own  rates.  The  memory  device  must  be  capable  of 
storing  ten-bit  words.  512  data  words  are  produced  for  each  complete  readout 
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of  the  linear  image  sensor,  so  no  more  than  512  ten-bit  words  would  need  to  be 
stored  at  any  given  time.  The  maximum  data  storage  capacity  works  out  to  384 
data  words  after  the  image  sensor  is  completely  read  out  in  10.24ms.  Two  data 
storage  alternatives  are  possible.  A  static  random  access  memory  (RAM)  or  a 
FIFO  memory  device  would  be  suitable  for  this  application. 

1.  Static  RAM  Storage  Device 

Very  fast  access  static  RAM  devices  are  available  for  use  in  this 
application.  Configuring  existing  static  RAM  integrated  circuits  to  store  a 
maximum  of  384  ten-bit  words  would  not  be  difficult.  The  difficult  aspect  of 
this  alternative  would  be  in  the  extra  supporting  hardware  required  to  address 
the  RAM.  Some  external  counters  or  registers  would  be  required  to  keep  track 
of  data  addresses  within  the  RAM.  This  would  add  complexity,  as  well  as  cost 
and  circuit  board  area  to  the  interface  circuit  design.  For  these  reasons,  a  RAM 
storage  device  was  ruled  out. 

2.  FIFO  Memory  Storage  Device 

The  FIFO  memory  device  is  the  simplest  and  most  compact  alternative 
for  temporary  data  storage  in  the  interface  circuit.  All  addressing  logic  is 
internal  to  the  device,  and  it  can  handle  asynchronous  reads  and  writes  by  simply 
applying  the  appropriate  control  signals.  The  only  difficulty  with  this  alternative 
is  that  the  largest  FIFO’s  available  are  only  nine  bits  wide.  Several  18-bit  FIFO’s 
are  under  development,  but  are  not  yet  commercially  available.  To 
accommodate  the  ten-bit  words  in  this  application,  two  FIFO  devices  would  have 
to  be  connected  in  parallel.  FIFO  devices  that  store  4  and  5-bit  words  are 
currently  available;  however,  they  do  not  store  as  many  data  words  as  the  larger 
ones.  The  simplest  alternative  was  to  connect  two  identical  nine-bit  FIFO’s  in 
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parallel  which  resulted  in  eight  of  the  18  bits  not  being  utilized.  Although  this 
may  seem  wasteful  at  first  glance,  it  consumed  less  circuit  board  area  and  power 
than  other  FIFO  configurations  using  ten-bit  data  words.  The  ‘deal  solution 
would  be  to  use  an  18-bit  FIFO  when  it  becomes  available  so  that  memory 
storage  can  be  accommodated  with  a  single  integrated  circuit. 

The  device  selected  for  use  in  the  interface  circuit  is  the  same  single 
FIFO  that  was  utilized  in  the  original  interface  circuit,  the  IDT  7201  CMOS 
Parallel  First-In-First-Out  FIFO  manufactured  by  Integrated  Device  Technology, 
Inc.  Technical  data  on  the  IDT  7201  is  included  in  Appendix  F.  The  device  has 
the  capacity  to  store  512  nine-bit  data  words.  Parallel  connection  of  the  two 
devices  to  accommodate  ten-bit  words  was  performed  by  simply  connecting 
several  of  the  control  signals  together.  Figure  13  of  Appendix  F  shows  two 
devices  connected  in  the  width-expansion  mode.  Common  Reset,  Read  and  Write 
command  signals  are  connected  to  both  devices,  allowing  them  to  function  as  one 
unit.  The  Expansion  In,  XI,  input  is  grounded  since  the  depth  expansion 
capability  is  not  necessary.  The  First  Load/Retransmit,  FL/RT,  input  is  tied  to 
+5V  since  there  is  no  provision  for  retransmission  of  data  in  the  PCM  encoder 
circuitry.  The  Full  Flag,  Half-Full  Flag  and  Empty  Flags  are  not  used  in  this 
application.  Further  discussion  of  the  command  signals  is  included  in  the 
following  sections. 

D.  FRAME  SYNCHRONIZATION  OF  DATA  ACQUISITION 

The  512  MUSTANG  data  words  in  the  communication  matrix  correspond 
one-to-one  with  the  512  photodiodes  in  the  linear  image  sensor.  A  method  had 
to  be  devised  to  ensure  that  the  first  MUSTANG  data  word  in  the  frame 
corresponded  to  the  first  photodiode  read  out  in  the  linear  image  sensor  array 
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for  each  successive  data  frame.  This  meant  that  both  the  image  sensor  and  the 
FIFO  memory  must  be  reset  at  the  start  of  each  communication  frame.  This  was 
simple  to  do,  since  a  Frame  Clock  pulse  is  provided  by  the  PCM  encoder  at  the 
start  of  each  successive  frame  of  data.  The  pulse  is  50p.s  long,  which  is  the 
period  of  the  Word  Clock  (see  Figure  2-5). 

The  Hamamatsu  driver  amplifier  circuit  requires  a  positive  Start  pulse  of 
5(X)ns  minimum  duration  to  initiate  its  scan  of  the  linear  image  sensor.  That  is 
the  only  requirement  to  initiate  a  new  scan  on  the  image  sensor.  The  FIFO 
memory  device  requires  a  negative  Reset  pulse  of  120ns  minimum  duration  to 
reset  the  read  and  write  pointers  within  the  device.  The  timing  diagram  for  the 
FIFO  reset  is  given  as  Figure  2  of  Appendix  F.  This  timing  diagram  requires 
that  the  Read  and  Write  command  signals  remain  high  for  a  minimum  of  120ns 
prior  to  the  Reset  signal  returning  high.  The  first  write  to  the  FIFO  cannot 
occur  for  a  minimum  of  20ns  after  the  rising  edge  of  the  Reset  signal. 

The  above  restrictions  are  easily  met  if  the  Reset  and  Start  signals  are  the 
inverse  of  each  other.  They  did  not  need  to  be  as  long  in  duration  as  the  Frame 
Clock  pulse,  so  another  monostable  multivibrator  was  used  to  generate  the  pulses 
triggered  from  the  rising  edge  of  the  Frame  Clock  pulse.  Circuit  elements  were 
selected  to  create  a  pulse  of  6.5p.s  duration  from  Equation  4-1.  The  monostable, 
of  Appendix  I  provides  complemented  outputs  so  both  Reset  and  Start  signals 
were  created  from  a  single  monostable.  The  only  timing  difference  in  these 
signals  results  from  the  differing  propagation  delays  of  the  monostable  on  a  low- 
to-high  transition  when  compared  to  a  high-to-low  transition.  This  is  illustrated 
in  Figure  4- 1 . 
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Figure  4-1  Frame  Synchronization  Signals 
A  read  operation  is  guaranteed  not  to  occur  within  the  restricted  time 
interval  of  reset,  since  the  PCM  encoder  does  not  assert  the  Enable  signal  for  the 
first  14  words  of  the  PCM  communication  matrix.  A  write  operation  is 
guaranteed  not  to  occur  within  the  restricted  time  interval  of  reset,  since  the  first 
Trigger  pulse  is  not  asserted  until  9.8|xs  after  the  falling  edge  of  the  Start  pulse. 
This  is  shown  in  Figure  3  of  Appendix  B.  The  Read  and  Write  command  signals 
are  discussed  in  the  following  sections. 


E.  FIFO  WRITE  CYCLE  TIMING  REQUIREMENTS 

The  relationship  of  all  necessary  timing  signals  for  the  data  write  cycle  is 
shown  in  Figure  4-2.  A  given  analog  voltage  signal  from  the  MUSTANG 
instrument  is  stable  for  5p.s  while  the  Trigger  signal  is  high.  The  signal  is 
digitized  by  the  A/D  converter  in  the  first  1.985|is.  This  leaves  approximately 
3ps  to  get  the  data  word  written  into  the  FIFO  memory  before  the  signal 
becomes  invalid.  The  falling  edge  of  the  Data  Ready  signal  from  the  A/D 
converter  signifies  that  conversion  is  complete  and  the  digital  data  word  is  valid. 
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The  data  word  stays  valid  until  the  next  Encode  pulse  goes  high.  The  write  cycle 
timing  requirements  for  the  FIFO  are  given  in  Figure  3  of  Appendix  F.  The 
minimum  Write  signal  pulse  length  is  120ns.  Digital  data  to  be  written  into  the 
FIFO  must  be  setup  for  a  minimum  of  40ns  before,  and  held  for  a  minimum  of 
10ns  after  the  rising  edge  of  the  Write  pulse. 

A  Write  command  pulse  length  of  Ips  was  a  good  compromise  which  met  all 
of  the  above  requirements.  The  Write  signal  was  generated  with  a  third 
monostable  multivibrator  utilizing  Equation  4-1  to  compute  external  circuit 
component  values. 

F.  FIFO  READ  CYCLE  TIMING  REQUIREMENTS 

The  read  cycle  timing  design  is  the  most  critical  portion  of  the  interface 
circuit  design.  This  portion  of  the  circuit  was  the  source  of  the  data  loss 
problems  experienced  on  the  original  MUSTANG  flight.  Figure  4-3  is  a 
comprehensive  summary  of  all  of  the  control  signals  which  play  a  part  in  the 
read  cycle  timing.  The  read  cycle  timing  requirements  for  the  FIFO  are  given  in 
Figure  3  of  Appendix  F.  The  minimum  duration  Read  signal  pulse  is  120ns. 
Data  becomes  valid  out  of  the  FIFO  a  maximum  of  120ns  after  the  falling  edge 
of  the  Read  signal.  Data  out  of  the  FIFO  remains  valid  for  a  minimum  of  5ns 
after  the  rising  edge  of  the  Read  signal.  Data  is  to  be  read  out  of  the  FIFO  only 
when  the  PCM  encoder  is  ready  to  receive  a  new  data  word  from  the 
MUSTANG  payload.  As  shown  in  Figure  3-1,  the  PCM  encoder  asserts  its 
enable  signal,  and  then  latches  digital  data  from  the  MUSTANG  a  minimum  of 
5p.s  after  the  falling  edge  of  the  Word  Clock.  All  control  signals  generated  in 
the  interface  circuit  hinge  around  setting  up  stable  data  out  of  the  FIFO  to 
support  this  timing  requirement. 


42 


Word  Clock 


Figure  4-3  Comprehensive  Read  Cycle  Timing  Diagram 
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1.  Creating  a  Clean  Enable  Signal 

The  Enable  signal  from  the  PDP-629  module  is  designed  to  signal  the 
payload  when  the  PCM  encoder  is  ready  to  receive  data  from  the  instrument. 
Tbe  problem  experienced  in  the  last  flight  was  that  the  Enable  signal  did  not  go 
low  prior  to  the  rising  edge  of  the  17th  Word  Clock  pulse.  This  is  depicted  in 
Figure  4-3  as  an  unknown  overlap  in  the  two  signals.  Since  the  Read  signal  in 
the  original  interface  circuit  was  formed  by  simply  nanding  the  Word  Clock  with 
the  PDP-629  Enable  signal,  a  spurious  Read  pulse  was  generated  which  read  out 
and  lost  an  additional  word  in  each  communication  subframe. 

Based  on  recommendations  in  Reference  6,  a  gated  Enable  signal  was 
formed  from  the  PDP-629  Enable  signal.  The  purpose  for  this  was  twofold. 
The  gated  Enable  signal  would  be  synchronous  in  relation  to  the  Word  Clock  and 
it  would  be  free  from  noise  spikes.  The  recommended  circuit  of  Figure  22  in 
Reference  6  was  utilized.  The  Word  Clock  was  provided  to  both  inputs  of  a 
positive  nand  gate  which  produced  an  inverted  Word  Clock  at  the  output,  delayed 
by  a  maximum  of  1 5ns.  The  inverted  Word  Clock  was  used  as  the  clock  input  to 
a  positive-edge-triggered  D-type  flip-flop.  Technical  data  for  the  flip-flop  and 
nand  gate  is  included  in  Appendix  J  and  Appendix  K,  respectively.  The  data 
input  to  the  flip-flop  was  the  PDP-629  Enable  signal.  This  meant  that  the  Enable 
signal  was  latched  into  the  flip-flop  on  the  falling  edge  of  the  actual  Word  Clock. 
Note  that  the  Enable  signal  is  low  before  the  falling  edge  of  the  Word  Clock  for 
the  17th  word.  This  created  the  synchronous  gated  Enable  signal  shown  in 
Figure  4-3. 
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2.  Creating  a  Reliable  Read  Signal 

Now  that  a  reliable  Enable  signal  has  been  formed,  a  Read  signal  must 
be  created  to  get  the  data  out  of  the  FIFO  in  time  for  the  PCM  encoder  to  read  it. 
The  Word  Clock  can  no  longer  simply  be  nanded  with  the  gated  Enable  signal 
since  the  first  data  word  would  be  missed.  The  gated  Enable  signal,  in  essence, 
follows  the  Word  Clock.  A  new  Read  pulse  had  to  be  generated,  and  this  was 
done  with  a  monostable  multivibrator.  The  positive  Read  signal  shown  in  Figure 
4-3  was  generated  by  triggering  a  monostable  with  the  rising  edge  of  the 
inverted  Word  Clock.  The  pulse  duration  was  selected  to  be  2.8p.s  by  choosing 
circuit  components  to  satisfy  Equation  4-1.  This  pulse  length  would  ensure  that 
data  would  be  valid  out  of  the  FIFO  in  time  for  the  PCM  encoder  to  read  it.  The 
FIFO  requires  an  active-low  Read  signal  so  the  generated  Read  pulses  were 
nanded  with  the  gated  Enable  signal.  The  Read-to-FIFO  signal  of  Figure  4-3 
represents  the  output  of  the  nand  gate. 

The  active-low  Read  signal  produces  a  pulse  which  follows  the  Word 
Clock  with  a  maximum  of  15  +  55  -t-  15  =  85ns  delay.  A  careful  analysis  of  this 
signal  after  the  17th  word  is  necessary.  The  flip-flop  only  requires  a  setup  time 
of  20ns,  and  the  PDP-629  Enable  signal  is  sure  to  be  low  within  20ns  of  the 
falling  edge  of  the  17th  pulse  of  the  Word  Clock.  The  gated  Enable  signal  will 
then  go  low  a  maximum  of  40ns  following  the  rising  edge  of  the  inverted  Word 
Clock.  A  positive  Read  pulse  will  be  generated  by  the  monostable  following  the 
rising  edge  of  the  17th  word  of  the  inverted  Word  Clock.  The  typical  delay  for 
the  monostable  is  35ns  with  no  minimum  value  given.  This  means  that  it  is 
possible  for  this  positive  Read  pulse  to  overlap  the  gated  Enable  by 
approximately  5ns  in  the  worst  case.  This  overlap  would  not  be  sufficient  in 
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length  to  cause  the  FIFO  to  read  out  another  word  since  its  duration  would  be 
much  less  than  the  required  120ns.  Figure  4-3  shows  that  there  is  no  Read  pulse 
sent  to  the  FIFO  following  the  17th  pulse  of  the  Word  Clock. 

G.  DATA  LATCH  REQUIREMENT 

The  PCM  encoder  requires  that  digital  data  be  stable  a  minimum  of  5p.s 
following  the  falling  edge  of  the  Word  Clock,  for  an  undetermined  amount  of 
time  until  the  next  Word  Clock  transition.  This  period  of  time  amounts  to  45)J.s 
during  which  the  data  is  latched  by  the  PCM  encoder  at  some  point.  The  most 
reliable  way  to  hold  digital  data  for  that  length  of  time  is  with  the  use  of  a  latch. 
Two  octal  latches  were  necessary  to  latch  all  ten  bits  of  the  data  word,  and  their 
technical  data  is  included  in  Appendix  G.  The  latches  are  transparent  while  their 
control  signal  is  high.  Data  which  has  been  setup  by  5ns  is  latched  into  the 
device  if  it  is  held  for  20ns  past  the  falling  edge  of  the  Latch  signal. 

The  key  to  ensuring  that  valid  data  is  latched,  is  to  make  the  falling  edge  of 
the  Latch  signal  occur  when  data  is  valid  out  of  the  FIFO.  This  is  simply  done 
with  another  monostable  multivibrator,  which  allows  control  of  the  timing  of  the 
falling  edge  of  the  pulse.  A  Latch  pulse  duration  of  2.1|J.s  was  selected  to  fulfill 
these  requirements,  and  circuit  components  were  selected  according  to  Equation 
4-1.  This  ensures  that  valid  data  from  the  FIFO  will  be  setup  and  latched  into 
the  latches. 

It  is  not  necessary  for  the  Latch  pulse  to  occur  only  when  the  Enable  signal  is 
asserted,  as  was  the  case  with  the  Read  signal.  Asserting  extra  Latch  pulses  will 
not  result  in  a  loss  of  data  by  the  instrument.  The  Ground  Support  Equipment 
(GSE),  which  will  be  discussed  in  Chapter  V,  uses  the  Latch  pulse  for  data 
acquisition  as  a  handshaking  signal.  This  requires  that  the  Latch  pulse  to  the 
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integrated  circuit  occur  only  with  the  Read  pulse  to  the  FIFO  so  that  a  latch 
signal  only  occurs  when  a  new  data  word  is  read.  This  is  an  artificial 
requirement  imposed  on  the  interface  circuit  due  to  the  test  setup  in  the 
laboratory.  It  does  not  impose  any  limitations  on  the  interface  circuit  operation 
in  the  rocket,  and  provides  for  the  simplest  method  of  data  acquisition  in  the  lab. 

The  Latch  signal  is  nanded  with  the  gated  Enable  signal  to  produce  a  negative 
Latch  signal  which  is  only  asserted  when  the  enable  signal  is  active.  Since  the 
integrated  circuit  requires  a  positive  pulse,  the  signal  is  fed  through  both  inputs 
of  another  nand  gate.  The  nand  gate  output  is  used  as  the  Latch  signal  to  the 
integrated  circuit.  Two  levels  of  nand  gates  impose  a  maximum  delay  of  30ns  on 
the  original  generated  Latch  signal,  but  this  delay  is  not  a  concern  in  the  timing 
of  the  circuit. 

H.  BUFFERING  OF  CONTROL  LINES 

Several  of  the  control  signals  generated  in  the  interface  circuit.  Read,  Write, 
Reset,  etc.^  must  travel  on  wires  outside  of  the  metal  box  which  houses  the 
interface  circuit.  This  was  due  to  the  fact  that  the  circuit  had  to  be  constructed 
on  two  printed  circuit  boards.  Some  control  signals  had  to  pass  from  one  board 
to  the  other  via  external  wiring.  These  signals  were  buffered  prior  to  sending 
them  out  of  the  interface  circuit  enclosure  in  an  effort  to  prevent  any  external 
noise  imposed  on  these  lines  from  getting  back  into  the  interface  circuit.  In 
addition,  some  control  signals  are  sent  out  on  the  cable  which  connects  the 
MUSTANG  payload  to  the  rocket  telemetry  section.  This  was  considered 
necessary  since  the  MUSTANG  instrument  is  under  vacuum  the  entire  time  that 
it  is  attached  to  the  rocket.  In  order  to  determine  if  the  instrument  is  functioning 
properly  prior  to  launch,  or  to  troubleshoot  the  interface  circuit  while  under 
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vacuum,  these  control  signals  must  be  fed  out  through  the  telemetry  cable.  It 
was  considered  prudent  to  buffer  these  signals  due  to  the  significant  length  of 
cable  runs  to  which  these  signals  would  be  exposed.  A  single  octal  buffer  chip 
was  all  that  was  necessary  to  protect  these  signals.  Technical  data  for  the  buffer 
is  included  in  Appendix  H. 

This  completes  the  requirements  for  the  design  of  the  revised  electronic 
interface  circuit.  The  circuit  diagram  for  the  final  design  is  included  as  Figure 
4-4. 

I.  INSTRUMENT  GAIN  CONTROL  VOLTAGE 

The  instrument  gain  control  voltage  portion  of  the  interface  circuit  is 
electrically  separate  from  the  previously  described  circuit.  This  part  of  the 
interface  is  called  the  high  voltage  circuit  since  it  supplies  the  control  voltage  to 
the  high  voltage  power  supply.  Chapter  II  described  the  necessity  for  the  high 
voltage  portion  of  the  MUSTANG  instrument  to  only  be  energized  when  the 
instrument  is  under  full  atmospheric  or  full  vacuum  conditions.  Harmful  arcing 
may  occur  if  the  high  voltage  povver  supply  is  energized  under  partial  vacuum 
[Ref.  4:p.  43].  Technical  data  for  the  high  voltage  power  supply  is  included  in 
Appendix  C. 

The  high  voltage  power  supply  is  powered  from  +5V,  and  requires  a  contiol 
voltage  between  0  -  lOV  to  control  the  high  voltage  output  to  the  MUSTANG 
image  intensifier.  The  gain  of  the  MUSTANG  instrument  is  an  exponential 
function  of  this  control  voltage.  The  -^5V  power  supply  is  energized  separately 
from  the  power  to  the  rest  of  the  interface  circuit.  The  function  of  this  portion 
of  the  interface  circuit  is  to  provide  a  regulated  control  voltage.  Since  two 
separate  gain  values  were  desired  for  this  flight,  two  different  control  voltages 
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had  to  be  created  on  the  high  voltage  portion  of  the  interface  circuit.  A  method 
must  also  exist  to  select  one  of  the  two  control  voltages  while  the  rocket  is  in 
flight.  Two  alternatives  were  investigated  to  supply  the  required  control 
voltages. 

1.  Two  Regulated  Voltages  and  an  Analog  Switch 

A  single  adjustable  voltage  regulator  was  used  in  the  original  interface 
circuit  to  supply  the  single  control  voltage.  It  would  not  be  difficult  to  add  a 
second  voltage  regulator  that  was  adjusted  to  the  second  control  voltage.  The 
two  analog  control  voltages  could  then  be  supplied  to  an  analog  switch.  An 
additional  telemetry  signal  would  be  required  to  select  the  output  of  the  analog 
switch.  This  alternative  involved  adding  many  components  to  the  circuit.  Each 
voltage  regulator  required  several  resistors  and  capacitors  to  set  the  output 
voltage.  Each  output  voltage  would  require  a  buffer  in  order  to  provide  a 
constant  voltage.  An  analog  switch  is  available  as  a  small  integrated  circuit 
package;  however,  it  requires  a  +15V  and  -15V  power  supply.  The  current 
rocket  configuration  supplies  only  -i-5V  and  +15V  to  the  high  voltage  portion  of 
the  interface  circuit.  This  alternative  would  require  a  modification  to  the 
existing  rocket  configuration  to  supply  -15V  and  a  gain  select  signal  to  the  high 
voltage  portion  of  the  circuit.  It  would  require  a  large  amount  of  board  space 
for  all  of  the  additional  components,  and  would  be  less  reliable  due  to  all  of  the 
added  components.  For  these  reasons,  this  alternative  was  not  selected. 

2.  Digital-to-Analog  Converter 

A  digital-to-analog  (D/A)  converter  could  perform  the  task  of  supplying 
two  different  analog  voltages  if  a  combination  of  the  input  bits  were  used  as  the 
gain  select  signal  to  change  the  output  voltage.  A  sophisticated  D/A  converter 
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could  provide  all  of  the  functions  of  the  two  voltage  regulators  and  an  analog 
switch  in  a  single  integrated  circuit  package.  For  these  reasons,  the  Analog 
Devices  AD-667  D/A  converter  was  selected  to  perform  this  function.  Technical 
data  for  the  AD-667  is  included  in  App(  ndix  E.  This  device  performs  12-bit 
D/A  conversion  in  an  acceptable  3|is.  The  conversion  time  is  not  critical  since 
the  gain  will  only  change  once  at  the  rocket  flight  apogee  and  again  at  100km 
altitude  on  the  down  leg.  The  device  provides  its  own  stable,  buried  zener 
reference  voltage,  and  a  buffer  on  the  output  analog  voltage.  This  ensures  a 
stable  voltage  out  of  the  device,  regardless  of  the  amount  of  current  drawn  by 
the  load.  The  device  also  provides  a  latch  on  the  input  digital  data  so  that  it  is 
not  critical  to  keep  the  digital  inputs  stable  at  all  times. 

This  single  D/A  converter  supplied  all  of  the  necessary  characteristics  of 
a  stable,  selectable  control  voltage.  The  only  drawbacks  of  this  alternative  were 
the  relatively  high  cost  of  such  a  sophisticated  device,  and  the  requirement  for  a 
+15V  and  -15V  power  supply.  Both  alternatives  required  a  modification  to  the 
existing  rocket  configuration  to  supply  -15V  and  a  gain  select  signal  to  the  high 
voltage  portion  of  the  circuit.  The  D/A  converter  provided  a  smaller  board  area 
and  a  higher  reliability,  so  it  was  chosen  as  the  method  for  generating  the  control 
voltages. 

The  existing  Frame  Clock  was  used  to  latch  the  digital  data  into  the  D/A 
converter.  Since  data  is  latched  into  the  device  on  a  rising  edge,  the  Frame 
Clock  was  inverted  by  supplying  it  to  both  inputs  of  a  nand  gate.  The  nand  gate 
output  was  used  as  the  latch  signal  to  the  D/A  converter.  This  ensured  that  the 
gain  would  be  constant  for  an  entire  frame  of  data.  It  also  allowed  the  data  to  be 
latched  every  frame  in  case  an  erroneous  value  were  latched  due  to  noise.  This 
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would  cause  only  one  frame  of  data  to  be  in  error  rather  than  the  data  for  the 
entire  flight. 

It  was  determined  from  the  data  of  the  previous  MUSTANG  flight  that 
the  control  voltages  necessary  for  proper  instrument  gain  were  approximately 
9.40V  and  9.70V.  The  lO.OOV  reference  voltage  in  the  12-bit  D/A  converter 
meant  that  the  analog  voltage  resolution  was  2.44m V.  This  was  more  than 
adequate  to  provide  the  two  required  control  voltages.  A  D/A  converter  with 
less  input  bits  could  have  provided  this  resolution;  however,  a  device  with  all  of 
the  other  capabilities  of  the  AD-667  was  not  available.  The  proper  control 
voltages  could  be  obtained  by  changing  only  a  single  bit  into  the  D/A  converter 
as  shown  in  Figure  4-5. 


MSB  Bit  Number  LSB 

11  10  98765432  10 


1111 

1111 


0  0  0  1  0  0  0 
0  0  0  1  0  0  0 

Gain  Select  Signal 


9.7047V 

9.3923V 


Figure  4-5  Control  Voltage  to  High  Voltage  Power  Supply 


The  Gain  Select  signal  from  the  rocket  telemetry  section  would  be 
applied  to  Bit  7  of  the  D/A  converter.  A  logic  zero  on  this  line  would  select  low 
gain  and  a  logic  one  (+5V)  would  select  high  gain.  All  other  digital  bits  into  the 
D/A  converter  would  be  hardwired  to  ground  or  the  +5V  high  voltage  power 
supply. 
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The  relay  which  energizes  the  high  voltage  power  supply  to  the 
MUSTANG  payload  causes  +5V,  +15V  and  -15V  to  be  supplied  to  the  high 
voltage  portion  of  the  interface  circuit.  This  causes  the  control  voltage  to  be 
produced  and  applied  along  with  +5V  to  the  high  voltage  power  supply  on  the 
MUSTANG  instrument.  The  circuit  diagram  for  the  high  voltage  portion  of  the 
final  interface  circuit  is  shown  in  Figure  4-6. 

J.  CIRCUIT  POWER  REQUIREMENTS 

The  power  requirements  of  the  MUSTANG  electronic  interface  circuit  as 
well  as  the  MUSTANG  instrument  itself  must  be  known  prior  to  time  of  flight. 
This  allows  for  proper  selection  of  the  flight  batteries  for  the  rocket  mission.  A 
worst  case  evaluation  can  be  made  based  on  figures  supplied  in  each  components 
technical  data.  Some  databooks  supply  the  typical  and  maximum  power 
consumption.  Others  give  only  power  supply  current  drawn,  in  which  case  the 
power  consumption  can  be  calculated  by  multiplying  by  the  supply  voltage. 
Table  4-1  is  a  compiled  list  of  the  typical  and  maximum  power  dissipated  in  each 
of  mustang’s  components. 

The  power  consumption  figures  in  Table  4-1  are  totals  for  the  number  of 
components  used  in  the  interface  circuit  (i.e.,  there  are  three  54LS221  integrated 
circuits  in  the  electronic  interface,  so  the  table  reflects  the  power  consumed  by 
all  three  together). 
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Figure  4-6  MUSTANG  High 


Voltage  Control  Circuit  Final  Design 
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TABLE  4-1  MUSTANG  POWER  REQUIREMENTS 


Component 

Typical  Power 

Maximum  Power 

54LS00 

0.024  watt 

0.044  watt 

54LS74A 

0.020 

0.040 

54LS221 

0.285 

0.405 

54LS244 

0.135 

0.230 

54LS373 

0.270 

0.400 

IDT-7201 

0.700 

1.000 

HAS- 1202 

1.900 

2.750 

AD-667 

0.420 

1.000 

Driver/Amplifier 

1.200 

1.500 

HV  Power  Supply 

0.445 

0.445 

Total  Power 

Reqd. 

5.399  watt 

7.814  watt 

55 


V.  GSE  DESIGN  AND  MODIFICATION 


The  MUSTANG  ground  support  equipment  (GSE)  provides  two  functions. 
It  allows  for  testing  and  calibration  of  the  MUSTANG  instrument  in  the 
laboratory,  and  it  allows  for  checkout  of  the  MUSTANG  instrument  during 
installation  on  the  sounding  rocket,  prior  to  flight.  In  the  laboratory,  the  GSE 
must  simulate  all  functions  provided  by  the  rocket  during  flight.  During 
installation  on  the  rocket,  the  GSE  must  not  interfere  with  payload  integration, 
but  at  the  same  time  collect  enough  data  to  ensure  the  MUSTANG  is  operating 
properly. 

The  MUSTANG  GSE  consists  of  a  Macintosh  II  computer  with  additional 
National  Instruments  data  acquisition  boards,  an  interface  box  and  a  power 
supply.  The  interface  box  was  built  by  Naval  Postgraduate  School  technicians, 
and  the  software  was  written  by  Professor  Dave  Cleary  prior  to  the  first 
MUSTANG  launch.  No  real  documentation  exists  for  these  original  programs  or 
the  interface  box  construction.  The  operation  of  the  interface  box  electronics 
was  deduced  during  the  course  of  this  thesis  work.  The  electronics  were 
modified  both  to  correct  for  shortfalls  in  performance,  as  well  as  to  adapt  to 
changes  in  the  upcoming  MUSTANG  flight.  The  software  programs  were 
rewritten  in  an  attempt  to  make  them  both  more  efficient  and  more  user 
friendly. 

This  chapter  is  meant  to  serve  as  a  guide  to  how  the  MUSTANG  GSE  really 
works  in  its  current  configuration.  Hardware  and  software  operation  will  be 
discussed  in  their  entirety.  Mention  will  be  made  where  modifications  were 
made  as  a  result  of  this  thesis  work. 
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A.  FUNCTIONS  OF  LABORATORY  GROUND  SUPPORT 

EQUIPMENT 

The  laboratory  GSE  must  provide  two  functions.  It  must  provide  the  same 
clock  synchronization  signals  that  the  MUSTANG  receives  from  the  PCM 
encoder  during  flight.  This  provides  a  flight  environment  for  testing  the 
MUSTANG  instrument.  It  must  also  collect  data  from  the  MUSTANG 
instrument  just  as  the  PCM  encoder  would  in  flight.  A  method  to  display  this 
data  is  also  necessary,  in  order  to  determine  if  the  MUSTANG  is  operating 
properly.  These  two  functions  are  provided  by  the  Macintosh  II  computer  and 
National  Instruments  (NI)  data  acquisition  boards.  The  interface  box  is 
necessary  for  synchronizing  all  of  the  clock  signals,  and  for  providing  a  medium 
to  transfer  signals  from  the  Nl  data  acquisition  boards  to  the  MUSTANG  flight 
instrument . 

1.  PCM  Encoder  Clock  Synchronization  Signals 

The  Macintosh  11  computer  provides  the  clock  synchronization  signals 
via  two  Nl  data  acquisition  boards.  The  NI  boards  are  all  Macintosh  NuBus 
cards  and  are  attached  to  each  other  by  a  Real-Time  System  Integration  (RTSI) 
bus  connector.  This  allows  for  signal  passing  between  the  cards  without  having 
to  wait  for  the  Macintosh  bus.  An  NB-DMA-8-G  board  has  a  counter/timer 
which  provides  the  master  system  clock  over  the  RTSI  bus  to  the  other  boards. 
An  NB-MIO-16  board  provides  all  of  the  PCM  encoder  clocks  synchronized  to 
the  system  clock  via  its  counter/timers.  Signals  provided  by  the  MIO  board  are 
as  follows. 

•  200kHz,  5p.s  period,  Bit  Clock 

•  20kHz,  50|j.s  period.  Word  Clock 
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•  1.25kHz,  800|is  period.  Enable  Clock 

•  19.53Hz,  51.2ms  period.  Frame  Clock 

The  50-pin  input/output  (I/O)  connector  to  the  MIO  board  provides  the 
clocks  at  the  pins  indicated  in  Figure  5-1.  The  Word  Clock  is  high  for  one  Bit 
Clock  period,  and  low  for  the  next  nine  periods.  This  accommodated  the  ten-bit 
words  as  described  in  Chapter  n.  The  Bit  Clock  and  Word  Clocks  produced  by 
the  GSE  are  shown  in  Figure  5-2.  The  signals  in  this  figure  are  actually  in 
error,  since  the  rising  edge  of  the  Word  Clock  should  correspond  to  the  rising 
edge  of  the  Bit  Clock.  The  GSE  modified  to  correct  this  problem  as  described  in 
a  later  section  of  this  chapter.  This  figure  also  shows  that  the  amount  of  noise  in 
these  clocks  is  excessive.  The  majority  of  this  noise  does  not  originate  from  the 
NI  boards,  but  is  added  in  the  GSE  interface  electronics.  The  amount  of  noise 
present  in  the  clock  signals  on  the  sounding  rocket  is  unknown.  It  was  decided 
that  the  MUSTANG  electronic  interface  circuit  should  be  designed  to  be  robust 
enough  to  operate  in  this  level  of  noise,  rather  than  reducing  the  noise  in  the 
GSE  interface  electronics.  In  this  sense,  the  MUSTANG  interface  circuit  design 
considered  a  worst  case  noise  environment. 

Figure  5-3  shows  the  Enable  signal  produced  by  the  GSE  in  relation  to 
the  Word  Clock.  The  Enable  signal  is  high  for  16  cycles  of  the  Word  Clock  and 
then  low  for  the  next  16  cycles.  As  in  the  sounding  rocket,  data  is  only  read 
from  the  MUSTANG  instrument  when  the  Enable  signal  is  high.  Unlike  the 
sounding  rocket,  the  Enable  signal  is  perfectly  synchronous  with  the  Word  Clock 
since  it  is  produced  by  the  NI  boards.  The  problems  experienced  with  the  PD- 
629  Enable  signal  described  in  Chapter  III  are  not  present  in  the  GSE 
configuration.  Figures  5-4  and  5-5  show  that  the  rising  and  falling  edges  of  the 


58 


AIGND 
ACHO 
ACHl 
ACH2 
ACH3 
ACH4 
ACH5 
ACH6 
ACH7 
AI  SENSE 
DACl  OUT 
AOOND 
ADIOO 
ADIOl 
ADI02 
ADI03 
DIG  GND 
+5  Volts 
EXTSTROBE* 
EXTGATE 
SOURCEl 
(Word  Clk)  OUTl 
GATE2 
SOURCES 
(Frame  Clk)  OUTS 


I  2  —  AIGND 
~  4  —  ACH8 
“  e  —  ACH9 
“  8  —  ACHIO 
pg”  10  —  ACHll 
It  12  —  ACH12 
77  14  —  ACHl  3 
15  18  —  ACH14 
77  18  —  ACHIS 
19  20  —  DACOOUT 
21  22  —  EXTREF 
23  24  —  DIG  GND 
25__2B —  BDIOO 
—  BDIOl 
J£ —  BDI02 

3j_^ —  BDI03  (MIO  OUT3B) 
33  34  —  +5  Volta 
2£_36 —  SCANCLK 
3^^ —  EXTTRIG* 

2?__40 —  EXTCONV* 

ILJil —  GATTI 

—  SOURCE2 

45  ^ —  OUT2  (Enable  Clk) 

—  GATES 

49  50  —  FOUT  (Bit  Clk) 


Figure  5-1  NB-MIO-IO  I/O  Connector  [After  Ref.  7:p.  2-13] 


59 


2  V/div 


2  V/div 


10  |j.s/div 


Figure  5-2  Bit  Clock  (top)  and  Word  Clock  (bottom) 


2  V/div 


2  V/div 


0.2  ms/div 


Figure  5-3  Word  Clock  (top)  and  Enable  command  (bottom) 
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Figure  5-4  Magnified  Word  Clock  (top)  and  Beginning  of  Enable 

command  (bottom) 


2  V/div 


2  V/div 


0.1  ms/div 
xlO 


Figure  5-5  Magnified  Word  Clock  (top)  and  End  of  Enable  command 

(bottom) 


Enable  signal  are  synchronous  with  the  rising  edge  of  the  Word  Clock.  An 
effort  was  made  to  produce  an  Enable  signal  in  the  GSE  that  looked  like  the  PD- 
629  Enable,  and  is  discussed  in  a  later  section.  The  Frame  Clock  produced  by 
the  GSE  is  shown  later  in  Figure  7-5,  and  is  high  for  one  Word  Clock  period  in 
1024. 

2.  Collection  and  Display  of  a  MUSTANG  Spectrum 

The  GSE  also  collects  the  data  read  out  from  the  MUSTANG  interface 
circuit.  Digital  data  is  latched  into  an  NI  NB-DIO-32F  data  acquisition  board  in 
the  Macintosh  II  computer.  The  collected  data  is  displayed  on  the  Macintosh 
screen  as  a  MUSTANG  spectrum.  The  512  photodiodes  in  the  linear  image 
sensor  are  represented  by  the  512  pixels  displayed  in  the  MUSTANG  spectrum 
shown  in  Figure  5-6.  LabVIEW  2.0  software  published  by  National  Instruments 
is  used  to  create  this  screen  display.  The  LabVIEW  software  is  compatible  with 
all  of  the  NI  data  acquisition  boards.  The  following  sections  describe  how  the 
programs  are  written  to  provide  the  telemetry  clocks  and  acquire  the  data  for 
display  of  a  MUSTANG  spectrum  on  the  GSE  computer. 

B.  LABVIEW  2.0  PROGRAM  FOR  DATA  ACQUISITION 

The  basic  entity  of  a  program  in  LabVIEW  is  know  as  a  virtual  instrument 
or  VI.  This  is  an  object  oriented  programming  language  in  the  sense  that 
programs  or  Vis  are  represented  on  the  Macintosh  screen  as  small  icons.  A  VI  is 
made  up  of  two  parts.  The  front  panel  is  the  program  interface  with  the  user. 
The  block  diagram  represents  the  mechanics  or  code  of  the  program.  A  VI  is 
constructed  by  filling  its  block  diagram  with  other  sub-VIs  or  basic  elements, 
and  then  wiring  them  together  with  a  wiring  tool.  Calls  to  multiple  sub-VIs  may 
be  nested  several  levels  deep.  Regular  program  structures  such  as  Case 
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structures.  Sequence  structures.  For  loops  and  While  loops  are  all  implemented 
in  LabVIEW  in  an  object  oriented  fashion.  A  basic  knowledge  of  the  LabVIEW 
program  is  assumed  in  the  following  discussion. 


Figure  5-6  Data  Acquisition  Computer  Screen  (Platinum  Lamp 

Spectrum) 

1.  Hardware  Configuration 

Many  LabVIEW  Vis  which  interface  with  the  NI  data  acquisition  boards 
are  already  included  in  a  LabDriver  VI  library  which  is  provided  by  National 
Instruments.  All  of  the  LabDriver  library  Vis  discussed  in  this  chapter  are  listed 
in  Table  5-2  at  the  end  of  the  chapter.  This  table  provides  a  cross-reference  page 
number  where  the  VI  can  be  found  in  Reference  8.  As  mentioned  previously,  an 
NB-DMA-8-G  board  is  utilized  to  create  the  master  system  clock.  No  explicit 
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use  is  made  of  the  direct  memory  access  (DMA)  features  of  the  board  in  this 
application.  The  NB-MIO-16  board  is  only  used  to  create  the  four  clock  signals 
provided  by  the  PCM  encoder.  It  has  the  capability  to  provide  analog-to-digital 
signal  processing,  but  this  is  not  utilized  in  the  GSE.  The  NB-DIO-32F  board 
simply  provides  a  digital  input  port  to  read  in  the  data  from  the  MUSTANG 
interface  circuit.  Data  is  latched  into  the  board  as  controlled  by  handshaking 
signals.  The  current  NuBus  address  locations  for  the  data  acquisition  boards  are 
as  follows. 

•  NB-DMA-8-G  NuBus  slot  #2 

•  NB-MIO-16  NuBus  slot  #3 

•  NB-DIO-32F  NuBus  slot  #4 

2 .  Lab  Software 

TTie  original  GSE  LabVIEW  piOgrams  were  written  as  separate  entities 
which  had  to  be  run  separately,  and  in  the  correct  sequence  in  order  to  test  the 
MUSTANG.  The  GSE  programs  have  been  revised  so  that  all  necessary  Vis  are 
accessed  from  within  a  single  main  VI.  This  main  VI  has  been  organized  to  be 
more  user  friendly.  To  take  calibration  data  with  the  MUSTANG,  the  user  need 
only  click  a  few  labeled  buttons  on  the  screen  to  see  the  displayed  spectrum. 
This  allows  students  to  collect  and  study  the  MUSTANG  calibration  data  without 
having  knowledge  of  the  electronic  interface  circuit  or  of  the  LabVIEW 
software. 

A  hierarchy  of  all  sub-VI  calls  in  the  Main  GSE  program  is  included  as 
Figure  5-7.  Each  VI  is  represented  by  its  appropriate  icon  in  the  figure.  The 
main  VI  calls  three  sub-VIs.  Each  of  these  Vis  in  turn  call  other  sub-VIs  as 
depicted  in  the  figure.  The  following  sections  will  describe  the  operation  of  the 
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vis  represented  by  each  of  the  icons  in  the  hierarchy.  Operation  of  the 
Lab  VIEW  library  Vis,  where  obvious  from  the  Lab  VIEW  user  manuals,  will  not 
be  explained. 

a.  Main  GSE  Program 

The  Main  GSE  VI  includes  all  previous  GSE  programs,  which  are 
now  referred  to  as  sub-VIs.  The  front  panel  of  the  Main  GSE  VI  is  shown  in 
Figure  5-8.  Several  labeled  buttons  are  shown  on  the  left  side.  When  the  user 
clicks  the  mouse  on  the  button,  the  sub- VI  is  executed  to  accomplish  the  task.  A 
status  window  is  shown  which  updates  when  a  called  sub- VI  has  completed.  This 
tells  the  user  what  action  has  been  accomplished  by  virtue  of  his  clicking  a 
button.  The  operation  of  the  main  VI  is  shown  in  its  block  diagram,  which  is 
included  in  Figure  5-9  and  Figure  5-10. 


Initialize 
I/O  Boards 


Initialize 

Telemetry 

Clocks 


Status: 


]Ve/a>ine 
to  MimKvjs: 
Ground  Support 
Equipment 


Data 

Acquisition 


Quit 


Figure  5-8  Main  GSE  VI  Front  Panel 
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Figure  5-9  Main  GSE  VI  Block  Diagram 
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Figure  5-10  Main  GSE  VI  Block  Diagram  Subsequent  Cases 
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All  buttons  on  the  front  panel  are  of  the  spring  latch  type.  This 
means  that  when  a  button  is  depressed  by  clicking  the  mouse,  the  control  changes 
to  the  new  value  and  remains  there  until  the  program  reads  the  new  value  once, 
or  the  mouse  button  is  released,  whichever  occurs  last.  This  means  that  even  a 
quick  click  of  the  mouse  button  will  cause  the  button  to  be  read  at  least  one  time 
in  the  depressed  position  without  the  user  having  to  hold  down  the  mouse  button. 

The  block  diagram  in  Figure  5-9  shows  the  icon  for  the  Main  GSE 
VI  in  the  upper  right  comer.  This  icon  is  not  part  of  the  block  diagram.  It  was 
placed  in  the  figure  to  allow  for  identification  of  the  VI  with  which  the  block 
diagram  is  associated.  This  convention  will  be  followed  throughout  this  chapter. 
Some  of  the  block  diagrams  in  this  chapter  have  been  graphically  edited  to  allow 
them  to  fit  within  the  proper  dimensions  of  this  thesis  format.  All  block 
diagrams  illustrated  in  this  chapter  are  functionally  equivalent  the  the  Vis 
running  on  the  GSE  computer.  The  names  of  LabVIEW  functions  and  Vis  will 
be  shown  in  italics  in  this  chapter. 

The  entire  block  diagrain  is  enclosed  in  a  while  loop  structure. 
Figure  5-10  simply  shows  the  other  cases  not  shown  in  Figure  5-9  for  the  three 
case  structures  present  in  the  block  diagram.  When  the  Main  GSE  program  is 
initiated,  the  while  loop  begins  to  run  continuously.  When  the  Quit  button  is 
depressed,  a  boolean  TRUE  value  is  passed  to  the  inverter  which  sends  a  boolean 
FALSE  value  to  the  conditional  terminal  of  the  loop.  This  stops  the  while  loop 
from  running,  and  the  Main  GSE  program  stops  execution.  The  iteration 
terminal  of  the  while  loop  is  wired  to  an  Equal  to  Zero  comparator  function. 
The  value  of  the  iteration  terminal  is  zero  for  the  first  execution  of  the  loop,  and 
is  incremented  by  one  on  each  loop  iteration. 
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Indicators  for  the  three  buttons  on  the  left  side  of  the  front  panel  are 
located  on  the  left  side  of  the  block  diagram.  They  send  out  a  boolean  FALSE 
value  until  the  button  is  depressed,  when  a  boolean  TRUE  value  is  sent  out.  The 
boolean  variables  from  these  three  buttons  are  collected  by  the  Build  Array 
Function.  This  function  creates  an  array  of  three  boolean  values.  Array  element 
zero  is  the  value  of  the  Initialize  I/O  Boards  button.  The  output  of  this  function 
is  wired  to  the  input  of  a  Boolean  Array  to  Number  data  type  converter.  This 
converts  the  binary  number  represented  by  the  boolean  array  into  a  decimal 
number.  The  decimal  number  is  passed  to  a  Logarithm  Base  Two  function  and 
an  Increment  function.  The  output  of  the  Increment  function  is  wired  to  the 
selector  of  the  case  structure.  This  allows  for  depressing  a  single  button  to  select 
a  particular  case  in  the  block  diagram  as  shown  in  Table  5-1.  This  technique  is 
also  demonstrated  on  page  6-3  of  Reference  9. 


TABLE  5-1  MAIN  GSE  VI  CASE  VALUES 


Button  Pressed 

Array 

Number 

Base  2 

Log 

Case 

None 

000 

0 

-infinity 

0 

Init  I/O  Boards 

001 

1 

0 

1 

Init  T/M  Clocks 

010 

2 

1 

2 

Data  Acq 

100 

4 

2 

3 
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When  a  particular  case  is  selected,  the  contents  of  the  case  window 
in  Figures  5-9  and  5-10  are  executed.  For  cases  one  through  three,  this  means 
execution  of  the  sub- VI  within  the  case  structure.  When  the  sub- VI  completes, 
the  text  string  is  passed  out  of  the  case  structure.  Case  zero  is  a  special  case 
executed  when  no  buttons  are  depressed.  This  case  window  has  another  case 
structure  inside  it  which  is  dependent  on  the  number  of  while  loop  iterations. 
The  first  time  the  while  loop  executes,  the  iteration  terminal  value  is  zero.  This 
produces  a  boolean  TRUE  out  of  the  Equal  to  Zero  comparator  which  selects  the 
true  case  and  the  welcome  message  is  sent  out.  Every  other  time  the  while  loop 
executes,  the  iteration  terminal  value  is  something  greater  than  zero,  and  the 
boolean  FALSE  case  is  selected.  This  case  is  not  shown  in  Figure  5-10,  but 
merely  connects  the  input  string  at  the  bottom  tunnel  to  the  output  string  at  the 
tunnel  on  the  right  side. 

The  shift  register  on  the  while  loop  structure  holds  the  value  of  the 
text  string  to  be  displayed  in  the  Main  GSE  status  window,  and  passes  it  to  the 
next  iteration  of  the  while  loop.  If  this  value  were  sent  to  the  status  window 
inside  the  while  loop,  it  would  be  updated  on  the  screen  with  every  iteration. 
This  causes  the  message  to  flash  on  the  screen  and  does  not  present  a  good 
appearance.  The  additional  case  structure  on  the  right  side  of  Figure  5-9 
prevents  this  message  flicker  by  updating  the  status  message  only  when  it 
changes.  The  status  window  indicator  is  located  in  the  FALSE  case  so  it  is  only 
accessed  when  the  Equality  comparator  indicates  that  the  two  inputs  are  not 
equal.  This  allows  the  status  window  display  to  only  be  updated  whin  its  message 
changes. 
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When  the  Main  GSE  program  is  run  for  the  first  time,  the  iteration 
terminal  value  is  zero  and  the  welcome  message  is  selected  to  come  out  of  the 
first  case  structure.  This  is  not  equal  to  the  null  string  which  is  the  default  initial 
value  of  the  shift  register.  The  status  window  is  updated  with  the  welcome 
message,  and  the  welcome  message  is  entered  into  the  shift  register.  On  the 
subsequent  iterations  of  the  while  loop  the  iteration  terminal  is  no  longer  zero  so 
the  false  case  is  selected  and  the  welcome  message  string  is  passed  to  both  sides  of 
the  Equality  comparator.  This  results  in  the  string  being  passed  straight  through 
the  true  case  structure,  and  the  status  window  not  being  updated. 

When  a  button  is  pushed,  the  appropriate  case  is  selected  and  the 
sub- VI  called  and  executed.  When  control  returns  to  the  Main  GSE  program, 
the  new  text  string  is  sent  out  of  the  case  structure  causing  the  Equality 
comparator  to  result  in  a  boolean  FALSE.  This  updates  the  status  window  with 
the  new  message  as  before.  On  the  following  while  loop  iteration,  the  shift 
register  has  the  new  text  string  value  so  the  status  window  will  not  be  updated. 
This  while  loop  continues  to  run  in  the  background  until  the  user  depresses  the 
Quit  button. 

b.  Initialize  I/O  Boards 

The  first  action  to  be  taken,  once  the  Main  GSE  program  is  running, 
is  to  click  the  Initialize  I/O  Boards  button.  This  sub- VI  must  be  run  first  to 
properly  initialize  the  NI  data  acquisition  boards  in  the  Macintosh  computer. 
The  initialization  only  takes  a  second  and  the  status  window  is  updated  to  show 
that  the  I/O  boards  have  been  initialized.  The  block  diagram  for  this  VI  is  very 
simple,  and  it  has  not  been  included  as  a  figure  in  this  chapter.  It  merely 
contains  two  sub- VI  icons.  The  two  sub- Vis  are  Initialize  N.IO  and  Initialize 
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DIO  which  configure  the  counters  and  ports  on  the  two  data  acquisition  boards. 
Since  the  two  sub- Vis  are  not  within  any  program  structure,  they  are  executed 
concurrently. 

(1)  Initialize  MIO.  This  sub- VI  configures  the  three  counters  on 
the  NB-MIO-16  data  acquisition  board.  The  counters  are  numbered  one,  two 
and  five.  Its  block  diagram  is  shown  in  Figure  5-11  and  Figure  5-12.  This 
block  diagram  utilizes  a  sequence  structure  in  which  a  portion  of  the  program  is 
contained  within  a  sequence  frame.  All  operations  within  frame  zero  are  first 
completed,  and  then  control  is  passed  to  frame  one.  Four  frames  are  contained 
within  the  block  diagram.  This  is  the  method  by  which  LabVIEW  allows  the 
programmer  to  ensure  that  certain  events  occur  in  a  particular  order. 

The  CTR  Config  NI  LabDriver  VI  is  used  in  this  block 
diagram  to  configure  the  MIO  board  counters.  Frame  zero  configures  counter 
number  one,  which  will  be  the  Word  Clock.  The  counter  is  gated  by  a  logic  high 
level  to  allow  for  synchronization  of  the  clocks.  The  edge  mode  was  set  to 
TRUE  in  order  to  correct  the  problem  shown  in  Figure  5-2.  The  polarity  was 
set  to  the  default  value  of  FALSE.  These  settings  ensured  that  the  rising  edge  of 
the  Word  Clock  pulse  would  occur  with  the  rising  edge  of  the  Bit  Clock.  The 
LabVIEW  documentation  is  not  very  clear  on  how  each  of  these  settings  will 
affect  the  counter  output.  A  trial-and-error  method  was  used  to  ensure  that  the 
clock  signals  were  created  properly.  The  following  is  a  list  of  the  counter 
number  one  characteristics. 

•  MIO  board  in  NuBus  slot  #3 

•  MIO  counter  #1 

•  Input  signal  falling  edges  are  counted 

•  Logic  high  level  gates  the  counter 
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Figure  5-12  Initialize  MIO  VI  Block  Diagram  (continued) 


•  TC  toggle  output  type  is  used 

•  Positive  logic  output 

Counter  two  is  configured  similarly  in  frame  one  as  the 
Enable  signal.  The  only  difference  is  that  its  polarity  is  switched  to  be  an 
inverted  output.  This  ensures  that  the  Enable  signal  will  be  low  for  the  first  16 
words  of  the  frame  of  data.  This  is  consistent  with  the  actual  telemetry  clocks 
where  the  first  14  data  words  of  the  PCM  matrix  are  for  housekeeping  signals. 
Counter  two  is  configured  as  follows. 

•  MIO  board  in  NuBus  slot  #3 

•  MIO  counter  #2 

•  Input  signal  falling  edges  are  counted 

•  Logic  high  level  gates  the  counter 

•  TC  toggle  output  type  is  used 

•  Negative  logic  (inverted)  output 

Counter  five  is  configured  similarly  as  the  Frame  Clock  in 
frame  two.  It  has  a  positive  logic  output  similar  to  the  Word  Clock  in  frame 
zero.  It  has  the  following  characteristics. 

•  MIO  board  in  NuBus  slot  #3 

•  MIO  counter  #5 

•  Input  signal  falling  edges  are  counted 

•  Logic  high  level  gates  the  counter 

•  TC  toggle  output  type  is  used 

•  Positive  logic  output 

The  last  frame  in  the  sequence  calls  the  DIG  Prt  Config 
LabDriver  VI.  This  configures  the  four-bit  digital  port  BDIO  on  the  MIO  board 
as  an  output  port.  The  BDIO  port  pins  are  shown  in  Figure  5-1.  This  step  is 
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only  necessary  when  using  the  GSE  at  the  launch  site  when  the  MUSTANG 
instrument  is  tested  with  the  Launch  GSE  interface  box.  The  inclusion  of  this 
frame  does  not  affect  performance  when  using  the  GSE  in  the  laboratory  so  the 
frame  is  included  all  the  time.  Use  of  this  digital  output  port  is  explained  in  a 
later  section.  The  port  is  configured  as  follows. 

•  MIO  board  in  NuBus  slot  #3 

•  Port  #1  (BDIO)  is  configured 

•  Port  configured  as  output 

•  No-handshaking  (nonlatched)  mode 

(2)  Initialize  DIO.  This  sub-VI  configures  the  digital  ports  on  the 
NB-DIO-32F  data  acquisition  board.  The  output  connector  for  the  DIO  board  is 
shown  in  Figure  5-13.  The  block  diagram  for  this  sub-VI  is  shown  in  figure  5- 
14.  This  VI  also  makes  use  of  the  sequence  structure,  and  the  program  is 
contained  in  two  sequence  frames.  The  DIO  board  has  32  digital  lines  which  can 
be  configured  as  eight-bit  ports  for  input  or  output.  MUSTANG  data  words  are 
ten  bits  long,  so  two  ports  are  configured  as  a  group  for  input  of  digital  data. 
Six  of  the  digital  lines  in  the  port  are  not  used.  Frame  zero  calls  the 
DIG  Grp  Config  LabDriver  VI.  This  frame  assigns  two  of  the  digital  ports  to  a 
group  as  follows. 

•  DIO  board  in  NuBus  slot  #4 

•  Group  zero  is  the  group  of  ports  to  be  configured 

•  Port  zero  assigns  8-bit  Ports  zero  and  one  to  the  16-bit  group  zero 

•  Group  size  of  two  configures  a  16-bit  group 

•  Group  configured  as  an  input  port 
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Figure  5-13  NB-DIO-32F  I/O  connector  [After  Ref.  10:p.  2-2] 
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The  handshaking  method  by  which  digital  data  will  be  latched 
into  the  input  port  is  established  in  frame  one.  Pin  number  33,  labeled  REQl,  on 
the  NB-DIO-32F  connector  of  Figure  5-13  is  the  handshaking  signal  sensed  by 
this  group.  The  origin  of  this  signal  is  discussed  in  a  later  section  of  this 
chapter.  The  group  sends  out  a  handshaking  acknowledgement  signal,  called 
ACKl,  on  pin  number  27  which  is  not  used  by  the  electronic  interface  circuit. 
The  DIG  Grp  Mode  LabDriver  VI  is  called  for  the  purpose  of  establishing  the 
handshaking  method,  and  configures  the  handshaking  mode  as  follows. 

•  DIO  board  in  NuBus  slot  #4 

•  Group  zero  established  in  frame  zero  is  the  group  to  be  configured 

•  Group  is  configured  to  recognize  rising  edge  pulsed  handshake  signals 

•  Group  is  configured  for  active-high  polarity  handshake  acknowledge 
signal 

•  Group  is  configured  for  active-high  polarity  handshake  request  signals 

•  Group  is  configured  for  level  handshake  signals 

•  No  data  settling  time  is  allowed  for  the  group 

c.  Telemetry  Clocks 

Once  the  data  acquisition  boards  have  been  initialized,  the  next  step 
is  to  run  the  clocks  so  that  they  provide  the  correct  telemetry  signals  to  the 
MUSTANG  instrument.  This  is  done  by  clicking  the  Initialize  Telemetry  Clocks 
button  on  the  Main  GSE  front  panel.  The  block  diagram  for  this  VI  is  a  series  of 
ten  frames  which  are  illustrated  in  Figures  5-15  through  5-19.  The  first  two 
frames  configure  the  RTSI  bus  to  send  the  master  clock  signal  from  the  DMA 
board  to  the  MIO  board.  Frame  zero  clears  all  signal  assignments  to  the  RTSI 
bus  by  calling  the  RTSI  Clear  LabDriver  VI.  Frame  two  calls  the  RTSI  Conn 
LabDriver  VI  to  assign  signals  to  the  RTSI  bus  as  follows. 
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Figure  5-15  Telemetry  Clocks  VI  Block  Diagram  (Frames  0  and  1) 
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This  turns  off  the  gate  line  for  all  the  clocks 
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Figure  5-16  Telemetry  Clocks  VI  Block  Diagram  (Frames  2  and  3) 
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•  DMA  board  is  to  be  configured 

•  Signal  code  zero  (FOUT)  of  the  DMA  board  is  assigned  to  the  bus 

•  FOUT  signal  is  placed  on  trigger  line  zero  of  the  RTSI  bus 

•  DMA  board  is  the  source  of  this  signal  (DMA  board  transmits) 

•  MIO  board  is  to  be  configured 

•  Signal  code  four  (SOURCE4)  of  the  MIO  board  is  assigned  to  the  bus 

•  SOURCE4  is  assigned  to  the  same  trigger  line  zero  as  FOUT  above 

•  MIO  board  is  the  destination  of  the  signal  (MIO  board  receives) 

The  sub- VI,  OUTl  of  DIO,  is  called  in  frame  two,  and  its  operation 
is  discussed  in  the  next  section  of  this  chapter.  It  places  a  digital  line  in  a  logic 
low  level.  This  digital  line  is  referred  to  as  the  GATE  in  the  GSE  interface 
circuit,  and  its  function  is  to  ensure  that  all  the  clocks  are  synchronized  to  start  at 
the  same  time.  This  GATE  line  is  wired  to  the  external  gate  input  of  all  of  the 
clocks.  Frame  three  calls  the  CTR  Clock  LabDriver  VI.  This  frame  starts  the 
master  system  clock  running  on  the  DMA  board  as  follows. 

•  DMA  board  in  NuBus  slot  #2 

•  Timebase  set  to  internal  IMHz  clock  by  entering  a  one  on  the  front  panel 

•  Division  by  five  on  the  front  panel  results  in  a  ZOOkHz  clock 

•  Output  signal  frequency  is  enabled 

Frame  four  produces  the  Bit  Clock  at  pin  50  of  the  MIO  connector 
by  calling  the  same  LabDriver  VI.  The  MIO  board  receives  the  system  clock  as 
an  input,  and  sends  it  out  unaltered  as  the  Bit  Clock. 

•  MIO  board  in  NuBus  slot  #3 

•  Timebase  se!  to  external  SOURCE4  line  on  the  MIO  board.  This  means 
that  the  MIO  board  is  receiving  the  master  system  clock  from  the  DMA 
board  via  this  line  of  the  RTSI  bus. 

•  Division  by  one  results  in  a  200kHz  clock  for  the  Bit  Clock 

•  Output  signal  frequency  is  enabled 
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Frame  five  produces  the  Word  Clock  at  pin  43  of  the  MIO 
connector  by  calling  the  CTR  Square  LabDriver  VI.  This  library  VI  allows  the 
output  of  a  square  wave  signal  which  has  a  duty  cycle  other  than  50  percent, 
which  is  necessary  for  the  other  telemetry  clocks.  The  Word  Clock  is 
constructed  from  the  master  system  clock  as  follows. 

•  MIO  board  in  NuBus  slot  #3 

•  Counter  one  of  the  MIO  board  is  used  for  the  Word  Clock 

•  Timebase  also  set  to  external  SOURCE4  line  on  the  MIO  board 

•  Period  one  is  set  to  one.  This  means  that  the  on-cycle  of  the  square  wave 
will  be  equal  to  one  period  of  the  timebase. 

•  Period  two  is  set  to  nine.  This  means  that  the  off-cycle  of  the  square  wave 
will  be  equal  to  nine  periods  of  the  timebase. 

Frames  six  and  seven  produce  the  Enable  Clock  at  pin  46  and  the 
Frame  Clock  at  pin  49  of  the  MIO  connector  in  the  same  fashion.  The 
CTR  Square  LabDriver  VI  is  also  used  here.  These  clocks,  described  at  the 
beginning  of  this  chapter,  are  constructed  as  follows. 

•  MIO  board  in  NuBus  slot  #3 

•  Counter  two  of  the  MIO  board  is  used  for  the  Word  Clock 

•  Counter  five  of  the  MIO  board  is  used  for  the  Frame  Clock 

•  Timebase  for  both  is  set  to  external  SOURCE4  line  on  the  MIO  board 

•  Period  one  of  the  Word  Clock  is  set  to  160  periods  of  the  timebase 

•  Period  two  of  the  Word  Clock  is  set  to  160  periods  of  the  timebase 

•  Period  one  of  the  Frame  Clock  is  set  to  10  periods  of  the  timebase 

•  Period  two  of  the  Frame  Clock  is  set  to  10230  j)eriods  of  the  timebase 

Frame  eight  inserts  a  one  second  pause  before  the  clocks  are  started. 
Frame  nine  asserts  the  GATE  line  by  calling  the  OUTl  of  DIO  VI  after  the  one 
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second  delay.  When  the  UATE  line  goes  high,  all  clock  timers  are  enabled,  and 
they  all  begin  in  a  synchronized  fashion. 

The  OUTl  of  DIO  sub- VI  is  called  in  the  Telemetry  Clocks  VI,  and 
its  simple  block  diagram  is  shown  in  Figure  5-20.  The  DIG  Out  Line 
LabDriver  VI  is  called  in  this  block  diagram.  This  VI  configures  one  digital  line 
on  the  DIO  board  to  act  as  the  GATE  signal  for  gating  of  all  of  the  clocks.  The 
DIO  board  in  NuBus  slot  #4  is  selected.  Port  #4  of  the  DIO  board  is  the  location 
of  the  port  where  the  digital  line  will  be  used.  This  is  a  special  port  and  consists 
of  three  permanent  input  lines  and  three  permanent  output  lines.  Line  #0  is 
selected  which  corresponds  to  the  OUTl  line.  This  is  pin  31  of  the  DIO 
connector  shown  in  Figure  5-13.  The  state  input  controls  whether  the  OUTl  line 
is  in  a  logic  high  or  logic  low  state.  Frame  two  of  the  Telemetry  Clocks  VI 
turns  the  GATE  signal  off,  and  frame  nine  turns  it  on. 


Figure  5-20  OUTl  of  DIO  Board  VI  Block  Diagram 


88 


d.  Data  Acquisition 

Once  the  NI  data  acquisition  boards  have  been  initialized  and  the 
telemetry  clocks  are  running,  MUSTANG  data  may  be  acquired  by  clicking  the 
Data  Acquisition  button  of  the  Main  GSE  VI,  This  launches  the  Data  Acquisition 
sub- VI.  The  front  panel  window  was  shown  in  Figure  5-6,  and  the  block 
diagram  is  shown  in  Figures  5-21  and  5-22.  The  front  panel  window  of  the  Data 
Acquisition  VI  automatically  opens  when  the  sub- VI  is  called.  This  does  not 
happen  for  any  of  the  other  sub- Vis.  Normally  a  sub- VI  is  called,  executed  and 
control  is  then  returned  to  the  calling  VI.  The  calling  VI  has  its  front  panel 
showing  the  entire  time.  This  feature  can  be  configured  by  command-clicking 
on  the  Data  Acquisition  icon  in  the  front  panel  window.  Select  VI  Setup  from 
the  pop-up  menu.  Under  the  When  used  as  a  sub-VI  from  any  node:,  select  the 
options  Show  front  panel  when  called  and  Close  afterwards  if  originally  closed. 
This  will  allow  the  Data  Acquisition  graph  display  in  its  front  window  to  come 
into  view  when  the  VI  is  called  from  the  Main  GSE  VI. 

It  is  very  important  that  power  be  applied  to  the  MUSTANG 
instrument  prior  to  clicking  the  Data  Acquisition  button.  The  power  is  necessaiy' 
in  order  for  the  MUSTANG  circuit  to  return  the  proper  handshaking  signal.  If 
the  MUSTANG  is  not  powered,  the  handshaking  signal  will  not  be  produced,  and 
the  VI  will  wait  for  the  signals  in  an  endless  loop.  To  recover  from  this,  the 
DIG  Blk  Clear  LabDriver  VI  had  to  be  executed  to  clear  the  digital  input  group 
prior  to  proceeding.  To  correct  for  this  inconvenience,  the  DIG  Blk  Clear  VI 
was  added  to  the  Data  Acquisition  VI  so  that  it  is  executed  every  time  the  VI  is 
entered  to  automatically  clear  the  input  group.  The  DIG  Blk  Clear  VI  has  no 
output,  but  is  wired  to  the  while  loop  structure.  This  illustrates  the  artificial  data 
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Figure  5-22  Data  Acquisition  VI  Block  Diagram  Subsequent  Cases 
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dependency  capability  of  the  LabVIEW  program.  The  VI  which  clears  the  input 
group  will  execute  prior  to  entering  the  while  loop. 

The  Data  Acquisition  program  is  contained  within  a  while  loop  with 
two  shift  registers.  The  top  shift  register  holds  the  MUSTANG  spectrum  that  is 
acquired,  which  consists  of  an  array  of  512  pixel  values.  The  lower  shift 
register  holds  the  status  message  displayed  at  the  bottom  of  the  Data  Acquisition 
front  panel  window.  The  quit  button  is  again  wired  through  an  inverter  to  the 
while  loop  conditional  terminal.  The  iteration  terminal  is  not  used  for  anything 
in  this  block  diagram.  The  other  two  front  panel  buttons  for  Reacquiring  a 
spectrum  and  Saving  it  to  disk  are  bundled  into  a  boolean  array  and  converted  to 
a  decimal  number.  This  is  done  the  same  way  as  was  done  in  the  Main  GSE  block 
diagram. 

When  no  button  is  clicked,  then  case  zero  is  selected,  and  the  512 
values  in  the  spectrum  are  cycled  through  the  shift  resister.  A  zero  is  also  sent  to 
the  Equal  to  Zero  comparator.  The  comparator  output  is  a  boolean  TRUE  which 
causes  the  top  input  to  the  Select  function  to  be  passed  to  the  second  case 
structure.  The  first  time  the  program  is  run,  this  is  not  equal  to  the  null  string  in 
the  shift  register  so  the  False  case  is  selected  and  the  status  window  is  updated 
with  the  Display  Updated  message.  Despite  this  message,  there  is  really  no 
spectrum  displayed  until  the  user  clicks  the  Reacquire  button  the  first  time.  On 
the  next  iteration  of  the  while  loop,  the  Equality  comparator  sends  a  boolean 
TRUE  to  the  case  structure  to  select  the  true  case,  and  the  status  window  is  not 
updated,  thus  preventing  the  flickering  message  on  the  screen  as  before. 

When  the  Reacquire  button  is  clicked,  case  one  is  selected.  This 
calls  the  sub- VI  to  acquire  a  new  spectrum,  and  sends  the  spectrum  values  to  the 
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Array  to  Graph  function.  This  function  sends  the  array  values  to  the  graph  on 
the  front  panel  window.  While  the  reacquire  button  is  depressed,  the  value  of 
the  boolean  array  is  not  zero.  This  causes  a  boolean  FALSE  to  be  sent  out  of  the 
Equal  to  Zero  comparator,  and  the  Acquiring  Data  message  is  selected  by  the 
Select  function.  This  value  is  different  from  the  text  string  stored  in  the  shift 
register,  so  the  output  of  the  next  Equality  function  selects  the  false  case  in  the 
second  case  structure.  This  updates  the  status  window  with  the  new  message. 
Acquiring  Data.  The  new  spectrum  is  obtained  and  plotted,  and  the  next 
iteration  of  the  while  loop  continues.  Now,  there  are  no  buttons  depressed,  so 
the  Display  Updated  message  is  sent  to  the  status  window.  This  lets  the  user 
know  when  the  program  is  at  work  collecting  the  next  spectrum,  and  when  the 
display  on  the  screen  has  been  updated.  This  is  convenient  when  many  spectra 
are  acquired  and  averaged.  One  of  the  inputs  on  the  Data  Acquisition  VI  front 
panel  is  for  the  number  of  spectra  to  be  averaged.  If  this  number  is  on  the  order 
of  50,  it  can  take  approximately  four  seconds  for  all  of  the  data  to  be  taken 
before  the  display  is  updated. 

When  the  Save  button  is  clicked,  case  two  is  selected  in  the  first  case 
structure.  This  case  calls  the  Save  to  Disk  sub-VI,  which  stores  the  current  array 
to  disk  as  explained  in  a  later  section.  This  case  also  causes  the  status  window  to 
be  updated  as  if  a  new  spectrum  is  being  acquired.  No  new  data  is  actually  taken. 
This  was  just  the  easiest  way  to  construct  the  block  diagram.  When  the  status 
window  updates  with  the  Display  Updated  message,  it  really  only  means  that  the 
save  operation  is  complete. 
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The  actual  work  done  in  collecting  the  data  for  the  new  spectrum  is 
done  in  the  Average  N  Spectra  VI  which  is  called  in  case  one.  The  operation  of 
this  sub- VI  is  described  in  the  next  section. 

(1)  Average  N  Spectra.  This  VI  uses  the  sequence  structure  with 
three  frames  in  its  block  diagram  illustrated  in  Figures  5-23  through  5-25.  The 
number  of  spectra  to  be  averaged  from  the  front  panel  is  passed  into  the 
sequence  structure.  A  sub- VI,  Get  N  Spectra,  is  called  in  frame  zero.  This  VI 
actually  collects  the  data  for  the  number  of  spectra  specified  by  the  user.  The 
data  collected  is  in  one  long  array  which  is  passed  to  the  subsequent  frames  via  a 
local  variable  indicator.  The  function  of  the  Average  N  Spectra  VI  is  to  average 
the  number  of  spectra  obtained,  and  return  one  spectrum  of  512  pixel  values. 
The  output  data  array  is  initialized  to  zero  in  frame  zero,  and  passed  to 
subsequent  frames  via  another  local  variable  indicator. 

Frame  one  contains  the  For  loop  structure.  The  limit  for  the 
for  loop  operation  is  set  by  wiring  the  number  of  spectra  to  be  averaged  to  the 
count  terminal.  The  iteration  terminal  holds  the  value  of  the  current  iteration  of 
the  for  loop  from  zero  to  N-1.  A  shift  register  is  used  in  the  for  loop  to  pass  the 
current  value  of  the  output  data  array  to  the  next  iteration.  The  long  data  array 
which  holds  all  of  the  spectra  to  be  averaged  is  passed  into  the  for  loop  from  the 
upper  local  variable  terminal.  This  array  is  sent  into  an  Array  Subset  function. 
The  index  for  the  array  subset  is  equal  to  512  times  the  current  iteration  of  the 
for  loop.  The  length  of  the  array  subset  is  512,  or  the  length  of  one  spectrum. 
The  output  of  the  Array  Subset  function  is  an  array  with  512  elements  which  is 
taken  from  an  integer  number  of  spectra  into  the  acquired  data  array.  This 
single  spectrum  is  wired  to  the  Addition  function  where  it  is  added  to  a  running 
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Figure  5-23  Average  N  Spectra  VI  Block  Diagram  (frame  0) 
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total  in  the  output  array  as  the  for  loop  progresses.  The  first  time  through,  the 
spectrum  is  added  to  zero  since  the  output  array  was  initialized  to  zero.  When 
the  for  loop  completes,  all  of  the  N  spectra  acquired  have  been  added  up,  and  the 
result  is  passed  to  the  next  frame  via  another  local  variable. 

Frame  two  actually  performs  the  averaging  process.  The 
summed  output  array  is  divided  by  the  number  of  spectra  to  be  averaged.  The 
value  of  the  averaged  spectrum  is  passed  back  to  the  calling  VI  which  was  Data 
Acquisition. 

(2)  Get  N  Spectra.  This  sub-VI,  called  in  frame  zero  of  the 
Average  N  Spectra  VI,  is  finally  the  one  which  collects  the  MUSTANG  data  on 
the  digital  input  port  lines.  It  has  been  significantly  revised  from  past  versions 
of  the  program.  Several  Vis  are  now  incorporated  into  this  one  VI  with  a 
sequence  structure.  All  three  frames  of  the  sequence  in  the  block  diagram  are 
shown  in  Figure  5-26.  The  first  two  frames  call  the  DIG_Out_Line  LabDriver 
VI  which  was  also  used  in  the  OUTl  of  DIO  VI.  These  frames  configure  one 
digital  line  on  the  DIO  board  as  the  SWITCH  signal  which  is  used  to  trigger  the 
GSE  interface  hardware  described  in  a  later  section.  The  DIO  board  in  NuBus 
slot  #4  is  selected.  The  special  port  #4  of  the  DIO  board  is  again  selected  as  the 
source  of  the  digital  output  line.  Line  #1  is  selected  this  time,  which  corresponds 
to  the  OUT2  line.  This  is  pin  22  of  the  DIO  connector  shown  in  Figure  5-13. 
Frame  zero  sets  the  state  of  the  digital  output  line  to  a  logic  low  level.  Frame 
one  resets  the  output  line  to  a  logic  high  level.  The  SWITCH  line  in  the  external 
hardware  needs  a  rising  edge  in  order  to  start  the  data  collection  at  the  beginning 
of  a  spectrum.  This  transition  of  the  OUT2  line  of  the  DIO  board  provides  this 
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Figure  5-26  Acquire  N  Spectra  VI  Block  Diagram 


rising  edge  to  ensure  that  the  first  pixel  obtained  corresponds  to  pixel  one  of  the 
MUSTANG  spectrum. 

Frame  two  calls  the  DlG  BlkJn  LabDriver  VI.  This  is  the 
VI  which  latches  in  the  data.  The  DIO  board  in  NuBus  slot  #4  is  again  selected. 
Group  zero  which  was  configured  as  the  input  group  when  the  I/O  boards  were 
initialized,  is  also  selected.  The  count  of  the  number  of  digital  words  to  collect  is 
created  from  multiplying  the  number  of  spectra  to  be  averaged  by  512.  The 
collection  interval  is  set  to  zero  since  the  data  is  latched  via  a  handshaking  signal. 
When  frame  two  begins  execution,  the  REQl  signal  on  pin  33  of  Figure  5-13  is 
monitored  for  a  handshake  signal.  Each  handshake  pulse  which  appears  on  this 
line  causes  a  new  data  word  to  be  latched.  The  data  is  physically  collected  into  a 
buffer  in  the  computer  memory  which  is  represented  by  the  output  array.  This 
is  one  long  array  with  length  equal  to  an  integer  multiple  of  512,  depending  on 
the  number  of  spectra  to  be  averaged.  This  long  data  array  is  passed  back  to  the 
calling  VI  described  previously  which  averages  the  spectra. 

(3)  Save  to  Disk.  This  sub- VI  is  called  in  case  two  of  the  Data 
Acquisition  VI.  Its  block  diagram  uses  the  For  loop  structure  and  is  shown  in 
Figure  5-27.  This  VI  has  been  totally  rewritten  from  the  previous  version. 
Artificial  data  dependency  is  used  to  control  the  program  flow.  A  new  file  is 
first  opened  with  the  New  File  function  which  is  wired  to  the  for  loop  boundary. 
No  data  is  passed  to  the  for  loop  on  this  wire.  The  wiring  ensures  that  the  new 
file  will  be  opened  before  the  for  loop  is  executed,  and  data  is  written  to  the  file. 
The  same  technique  is  used  to  close  the  file.  The  for  loop  must  complete 
operation  prior  to  calling  the  Close  File  function. 
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The  Open  File  function  brings  up  the  standard  Macintosh  open 
file  dialog  box  when  executed.  The  prompt  string  can  be  entered,  and  will  be 
displayed  in  the  dialog  box  to  tell  the  user  what  to  type  in  for  a  filename.  The 
file  type  must  be  entered,  and  the  standard  TEXT  file  is  used  in  this  application. 
A  Lab  VIEW  file  type  could  have  been  used  in  order  to  allow  for  recalling  the 
spectrum  later,  and  displaying  it  on  the  LavVIEW  graph.  Most  of  the 
MUSTANG  data  is  analyzed  on  a  separate  Digital  VAX  computer  system,  so  the 
TEXT  file  is  a  good  standard  to  use  when  transferring  data  between  computers. 

The  For  loop  writes  the  data  to  the  previously  opened  file. 
There  is  no  input  to  the  For  loop  count  terminal,  so  it  utilizes  an  auto-indexing 
mode.  The  indexing  occurs  on  the  loop  boundary.  The  array  sent  into  the  for 
loop  has  512  elements,  so  the  For  loop  will  execute  512  times,  and  bring  in  one 
element  of  the  array  with  each  iteration.  An  array  can  also  be  created  on  a  loop 
boundary  by  the  same  principle,  but  this  feature  is  not  used  in  this  VI.  The 
number  sent  into  the  for  loop  from  the  array  is  a  floating  point  number  and  must 
be  converted  to  a  string  for  storage  in  a  text  file.  The  array  element  is  sent  into 
the  To  Fractional  function.  The  output  is  an  eight  character  floating  point  string 
with  precision  to  four  decimal  places.  A  carriage  return  is  appended  to  the 
element  and  it  is  written  to  the  file.  File  pointers  are  maintained  within  the 
LabVlEW  program  so  the  user  need  not  be  concerned  with  where  the  value  is 
being  written  in  the  file.  The  completed  TEXT  file  has  512  lines  of  data  with 
one  floating  point  number  per  line.  After  the  last  array  element  has  been  written 
to  the  file,  the  file  is  closed,  and  control  is  returned  to  the  calling  VI. 
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3 .  Launch  Software 

The  program  described  above  must  be  changed  when  used  to  monitor 
the  MUSTANG  in  the  launch  configuration.  When  the  instrument  is  in  the 
rocket,  a  separate  GSE  electronic  interface  box  is  used.  This  interface  has  no 
connection  between  the  GATE  signal  out  of  the  DIO  board  and  the  gate  inputs  to 
the  counters  on  the  MIO  board.  The  lab  GSE  interface  makes  this  connection 
inside  the  box.  In  the  launch  configuration,  the  software  is  changed  to  provide 
the  GATE  signal  out  of  the  MIO  board  at  BDI03,  pin  32  in  Figure  5-1.  When 
the  Launch  GSE  interface  is  used,  a  connector  adapter  is  used  to  connect  the  MIO 
cable  to  the  T/M  input.  This  adapter  connects  the  GATE  signal  at  pin  32  to  the 
gate  inputs  for  the  counters  at  pins  42,  45  and  48  of  Figure  5-1. 
a.  Launch  Telemetry  Clocks 

The  software  modification  for  the  launch  configuration  is  shown  in 
Figures  5-28  and  5-29.  Only  two  frames  of  the  Telemetry  Clocks  VI  need  to  be 
changed.  These  frames  call  the  OUT3  of  MIO  sub- VI  which  controls  the  BD103 
output  line  of  the  MIO  board.  The  only  purpose  of  this  change  in  the  software  is 
to  synchronize  the  telemetry  clocks  when  using  the  Launch  GSE  interface.  The 
data  is  still  acquired  as  described  previously. 

A  separate  sub- VI,  called  Launch  Clocks,  which  has  these  changes 
has  been  written  for  use  with  the  Launch  GSE.  It  can  easily  be  placed  in  the 
Main  GSE  VI  by  command  clicking  on  the  Telemetry  Clocks  VI  icon  in  Figure 
5-10  and  choosing  Replace  VI  from  the  pop-up  menu.  This  one  simple  software 
change  is  all  that  is  necessary  to  shift  from  the  Lab  to  the  Launch  GSE 
configuration. 
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Figure  5-28  Launch  Telemetry  Clocks  VI  Block  Diagram  (frame  2) 
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Figure  5-29  Launch  Telemetry  Clocks  VI  Block  Diagram  (frame  9) 
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b.  Faulty  Telemetry  Clocks 

An  attempt  was  made  to  create  a  faulty  set  of  telemetry  clocks  in  the 
LabVEEW  program  which  would  simulate  the  overlapping  Enable  Clock  shown 
in  Figure  2-5.  If  the  GSE  clocks  could  be  made  to  look  exactly  like  the  real 
telemetry  clocks,  then  there  would  be  no  uncertainty  about  the  interface  circuit 
operation  in  the  launch  configuration. 

The  system  clock  is  formed  by  using  an  internal  IMHz  clock  as  a 
timebase,  and  dividing  it  by  five  to  get  the  200kHz  clock.  In  order  to  get  the 
small  overlap  in  the  Enable  Clock  with  the  17th  Word  Clock  pulse,  it  is 
necessary  to  have  a  much  finer  time  unit  than  Sps.  The  clocks  can  be  constructed 
directly  from  the  IMHz  internal  clock,  which  gives  a  time  unit  of  Ips.  Using 
this  clock  for  the  master  system  clock  would  theoretically  enable  construction  of 
an  Enable  Clock  which  is  similar  to  the  real  waveform.  Unfortunately,  when 
using  a  time  unit  this  small,  a  limitation  in  the  software  is  reached.  This 
limitation  is  described  in  Reference  8,  and  occurs  when  using  the  high  clock 
speeds  as  a  timebase  for  the  counters.  It  becomes  impossible  to  predict  if  the 
counter  will  synchronize  to  the  timebase  in  the  first  period,  or  if  it  will  require 
an  additional  period  to  synchronize.  This  uncertainty  makes  it  impossible  to 
synchronize  all  of  the  telemetry  clocks  in  this  application  when  using  the  fastest 
timebase. 

This  problem  appears  to  be  an  inherent  limitation  in  the  LabVIEW 
software,  and  an  alternate  solution  is  not  immediately  apparent.  The  above 
method  was  tried  and  the  clocks  were  found  to  be  synchronized  differently  each 
time  the  program  was  run. 
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TABLE  5-2  LABDRIVER  LIBRARY  Vis 


LabDriver  VI 

Reference  8  page  number 

DIG.Prt.Config 

4-7 

DIG_Out_Line 

4-10 

DIG_Grp_Config 

4-14 

DIG_Grp_Mode 

4-16 

DIG.BlkJn 

4-21 

DIG_Blk_Clear 

4-26 

CTR.Config 

6-9 

CTR_Square 

6-23 

CTR_Clock 

6-25 

RTSI_Conn 

7-7 

RTSLClear 

7-10 
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C.  GSE  HARDWARE  EQUIPMENT 

The  two  GSE  electronic  interface  boxes  synchronize  the  collection  of  the 
MUSTANG  data  the  same  way.  The  interface  is  responsible  for  sending  the 
handshaking  signals  to  the  MIO  board,  and  for  synchronizing  the  first  handshake 
signal  with  the  first  pixel  read  out  in  the  frame.  The  circuit  diagram  for  the 
GSE  interface  electronics  is  shown  in  Figure  5-30.  While  this  diagram  may  not 
match  up  pin-for-pin  with  the  existing  circuit,  it  is  functionally  correct.  Figure 
5-31  is  the  timing  diagram  which  shows  the  control  waveforms  for  the  GSE 
interface  electronics. 

The  Latch  signal  is  used  from  the  MUSTANG  interface  as  a  trigger  signal 
for  generation  of  the  handshake  pulse.  The  Latch  is  fed  into  the  input  of  the  first 
monostable  multivibrator,  which  is  programmed  to  generate  a  10.4|j.s  positive 
pulse  on  the  falling  edge  of  Latch.  This  pulse  is  fed  into  the  input  of  the  second 
monostable  on  the  same  chip  which  generates  a  5.2|is  positive  pulse  with  the 
rising  edge  of  the  input.  I  would  have  expected  this  pulse  to  be  generated  on  the 
falling  edge  of  the  10.4ps  pulse.  That  would  have  effectively  inserted  a  lOps 
delay  in  collecting  the  data.  In  the  current  configuration,  the  10.4ps  pulse  serves 
no  purpose,  and  is  not  used.  In  any  case  this  delay  is  critical  to  the  proper 
collection  of  data  from  the  MUSTANG. 

The  5.2ps  positive  pulse  is  sent  to  an  And  gate  which  forms  the  handshake 
signal.  The  other  input  to  the  And  gate  is  the  output  of  the  D-flip-flop.  The 
flip-flop  is  clocked  by  the  Frame  Clock,  and  is  rising-edge  triggered.  When  the 
Data  Acquisition  VI  is  called  in  the  program,  the  SWITCH  signal  is  set  low  and 
then  high  by  the  OUT2  of  DIO  sub- VI.  The  SWITCH  is  on  pin  22  of  the  DIO 
connector  shown  in  Figure  5-13.  The  low-to-high  transition  of  this  signal 
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Frame  Clk 


And  Gate  Output  (REQl) 


triggers  a  second  monostable  which  produces  a  negative  pulse  that  is  the  Clear 
input  to  the  D  flip-flop.  Since  the  flip-flop  has  an  asynchronous  clear  input,  its 
output  goes  low  immediately,  and  does  not  go  high  again  until  the  next  Frame 
Clock  pulse.  After  the  next  Frame  Clock  pulse,  the  flip-flop  sends  a  logic  high 
level  to  the  And  gate.  The  And  gate  output  will  then  be  equivalent  to  the 
monostable  pulses  at  its  other  input. 

The  key  to  getting  this  configuration  to  acquire  data  in  a  synchronous 
manner  is  for  the  Lab  VIEW  program  to  be  ready  to  start  latching  data  when  the 
first  handshake  pulse  occurs.  The  time  delay  between  the  time  the  Lab  VIEW 
program  is  executed  and  the  time  when  it  is  really  ready  to  accept  data  at  the 
DIO  ports  is  not  documented  in  the  manuals.  Experience  has  shown  that  several 
frames  of  data  can  go  by  before  data  is  actually  collected.  This  amounts  to 
several  hundreds  of  milliseconds  which  is  not  unreasonable,  but  it  was  also  not 
accounted  for  in  the  original  design  of  the  GSE  interfaces.  The  duration  of  the 
monostable  pulse  that  is  the  flip-flop  clear  is  the  critical  parameter  in  making  this 
interface  work. 

One  frame  of  MUSTANG  data  is  taken  in  51.2ms.  The  flip-flop  Clear  signal 
was  originally  set  to  have  a  duration  of  31ms  which  is  less  than  one  frame.  The 
duration  was  adjusted  to  the  maximum  possible  value  of  155ms  without 
exceeding  the  maximum  resistor  value  for  the  monostable.  This  pulse  can  be 
lengthened  further  by  adding  an  additional  capacitor  in  parallel.  This 
modification  to  both  the  Lab  and  the  Launch  GSE  interfaces  improved  the 
reliability  of  data  synchronization  considerably,  but  it  is  still  not  flawless. 

Additional  modifications  were  also  made  to  the  GSE  interface  boxes  in 
preparation  for  the  next  MUSTANG  launch.  Both  boxes  had  to  be  modified  to 
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accommodate  the  additional  -15V  signal  for  the  high  voltage  circuit  which  was 
added  with  the  new  interface  circuit.  Both  boxes  also  had  to  be  modified  to  use 
the  Gain  Select  signal  which  was  added  for  the  next  launch.  A  mechanical  switch 
was  added  on  the  Lab  GSE  interface  box  to  allow  the  user  to  select  the  desired 
gain  for  testing  and  calibration.  In  the  Launch  GSE  interface  box,  the  Gain 
Select  signal  comes  from  telemetry,  and  must  be  monitored  in  software. 

D.  SPARE  DETECTOR  BOX  CONSTRUCTION 

A  method  of  testing  the  MUSTANG  interface  without  actually  having  to  use 
the  MUSTANG  instrument  was  desired  during  the  course  of  this  thesis  work.  A 
spare  Hamamatsu  Image  Sensor  and  Driver/Amplifier  board  were  available,  so 
they  were  mounted  in  an  aluminum  box  as  shown  in  Figure  5-32.  This  provided 
the  exact  same  pin  connections  that  exist  on  the  MUSTANG  instrument,  A 
window  was  cut  out  of  the  box  to  accommodated  the  photosensitive  area  of  the 
image  sensor.  Various  masks  could  be  placed  across  this  window  to  produce  a 
geometric  pattern  in  the  spectrum  obtained  when  reading  out  the  photodiode 
array.  This  would  allow  for  testing  the  MUSTANG  interface  circuit  without 
having  to  use  the  MUSTANG  instrument  and  delicate  wavelength  calibration 
lamps. 
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Figure  5-32  Spare  Image  Sensor  Detector  used  in  Interface  Circuit 

Testing 
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VI.  FLIGHT  QUALIFIED  INTERFACE  CONSTRUCTION 


The  next  chapter  explains  how  the  circuit  design  described  in  Chapter  IV  was 
validated.  Once  the  design  was  validated,  it  had  to  be  laid  out  to  facilitate  the 
manufacture  of  a  printed  circuit  board  (PCB).  A  PCB  was  necessary  for  the 
final  flight-qualified  interface  circuit.  All  of  the  measurements  and  oscilloscope 
photographs  shown  in  the  next  chapter  were  performed  on  the  actual  printed 
circuit  boards. 

A.  PRINTED  CIRCUIT  BOARD  DESIGN  CONSIDERATIONS 

Several  factors  came  in  to  consideration  when  laying  out  the  circuit  design 
on  a  PCB.  The  first  factor  was  the  size  constraint  of  the  interface  flight  box 
enclosure.  The  interface  box  is  fixed  to  the  side  of  the  HIRAAS  instrument  with 
four  studs  that  are  permanently  attached  to  the  titanium  plate  of  HIRAAS.  These 
studs  are  centered  at  the  comers  of  a  square  that  is  three  and  one  half  inches  on  a 
side.  The  studs  are  long  enough  to  accommodate  a  box  that  is  two  and  one  half 
inches  high.  There  is  physically  enough  room  for  a  box  that  is  approximately 
four  and  one  half  by  four  and  one  quarter  inches  with  holes  drilled  for  the 
mounting  studs.  Since  the  HIRAAS  instrument  is  made  of  titanium,  it  was  easier 
to  construct  the  MUSTANG  interface  to  fit  the  existing  studs  than  to  move  the 
studs  to  accommodate  a  new  design.  These  dimensions  put  a  limit  on  the  size  of 
the  PCB  that  could  be  used. 

Due  to  circuit  complexity  and  small  area,  a  four-sided  PCB  was  considered 
with  a  Power  and  Ground  plane  sandwiched  between  two  signal  trace  layers. 
The  additional  features  described  in  Chapter  IV  that  were  added  to  the  revised 
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interface  circuit  made  it  physically  impossible  to  fit  all  of  the  necessary 
components  on  a  single  PCB.  The  design  was  spread  out  among  two  PCBs  which 
could  fit,  parallel  to  eachother,  within  the  height  constraints  of  the  interface  box. 

The  next  factor  to  consider  in  the  design  was  how  to  divide  the  components 
up  among  the  two  PCBs.  All  of  the  components  associated  with  the  data 
collection  were  placed  on  one  board.  These  included  the  A/D  converter,  FIFO 
memory  buffer  and  the  latches.  All  of  the  components  associated  with 
generating  the  proper  command  signals  and  the  high  voltage  circuitry  were 
placed  on  the  other  board.  The  command  signals  had  to  be  passed  to  the  other 
board  via  some  external  wires.  This  is  not  the  most  desirable  method  of 
interconnecting  components,  but  could  not  be  avoided  in  this  case. 

The  final  design  consideration  involved  how  to  distribute  power  and  ground 
to  all  of  the  necessary  components.  Appendix  D  and  Appendix  E  recommend  use 
of  a  low  impedance  ground  for  external  connection  of  the  analog  and  digital 
grounds  of  the  A/D  and  D/A  converters,  respectively.  The  TTL  outputs  of  the 
integrated  circuits  in  the  interface  consist  of  a  pair  of  transistors  in  a  push-pull 
arrangement  which  generate  large  current  transients  during  state  transition.  Due 
to  the  high  number  of  digital  signals  running  around  on  the  PCB,  noise  spikes 
are  likely  to  occur  on  the  power  and  ground  lines.  The  best  way  to  remedy  this 
situation  is  to  use  a  large  ground  plane  on  one  side  of  the  PCB  with  bypass 
capacitors  placed  on  the  voltage  supply  of  every  integrated  circuit.  This  results 
in  much  smaller  spikes  which  travel  smaller  distances  on  the  board  [Ref.  ll:pp. 
599-600]. 
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B.  PRINTED  CIRCUIT  BOARD  LAYOUT 

The  layout  for  the  two  PCBs  was  performed  with  a  CAD  tool  on  a  personal 
computer.  The  Tango  PCB  Plus  software  package  was  used  on  an  IBM 
computer.  The  layout  was  done  by  hand  on  the  computer  instead  of  using  the 
auto-routing  feature.  The  relatively  small  scope  of  this  design  made  a  hand 
layout  feasible.  This  allowed  for  custom  component  placement  which  would  give 
the  shortest  signal  traces  on  the  board.  The  boards  were  designed  with  a  ground 
plane  on  the  top  layer,  or  component  side  of  the  board  and  the  signal  traces  on 
the  bottom  layer.  A  silk  screen  was  added  to  the  top  layer  to  show  component 
placement,  and  a  solder  mask  was  added  to  the  bottom  layer.  The  layout  files  for 
each  board  layer  were  converted  to  a  Gerber  file  format  which  was  readable  by 
the  PCB  manufacturer.  The  overall  PCB  composition  is  shown  in  Figure  6-1. 
Photoplot  images  of  the  PCB  layers  are  shown  in  Figures  6-2  through  6-7. 


116 


Figure  6-3  MUSTANG  2  Top  Silkscreen  Layer 
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Figure  6-5  MUSTANG  2  Top  Ground  Plane  Negative 
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Figure  6-6  MUSTANG  1  Bottom  Signal  Traces 


Figure  6-7  MUSTANG  2  Bottom  Signal  Traces 
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C.  INTERFACE  FLIGHT  BOX  ENCLOSURE  DESIGN 


A  flight  box  enclosure  was  milled  from  a  solid  piece  of  aluminum  in  two 
halves.  Each  half  of  the  enclosure  houses  one  circuit  board,  and  the  two  halves 
are  bolted  together  for  mounting  with  the  MUSTANG  instrument.  The  two 
halves  of  the  enclosure  are  shown  in  Figure  6-8  and  Figure  6-9  prior  to 
conformal  coating  of  the  circuit  boards.  The  PCB  mounting  screws  provide  a 
low  impedance  path  from  the  ground  plane  on  the  boards  to  the  enclosure  casing. 
25-pin  D-sub  connectors  interface  each  circuit  board  to  the  MUSTANG  wiring 
harness.  Command  signals  which  must  travel  between  circuit  boards  are 
jumpered  across  the  D-sub  connectors.  Figure  6-10  shows  the  flight-qualified 
configuration  of  the  flight  box  enclosure  and  wiring  harness  mounted  on  the 
MUSTANG  instrument.  Pin  assignments  for  the  wiring  harness  are  shown  in 
Figures  6-1 1  and  6-12. 
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Figure  6-9  MUSTANG  2  PCB  Flight  Configuration 


Figure  6*10  MUSTANG  Interface  flight  Box  and  Wiring  Harness 
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Figure  6-11  MUSTANG  Wiring  Harness  Connections  to  Telemetry 
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Figure  6-12  MUSTANG  Wiring  Harness  Connections  at  Interface  Box 


VII.  INTERFACE  CIRCUIT  DEVELOPMENT  AND  TESTING 


Testing  of  the  MUSTANG  electronic  interface  circuit  occurred  in  several 
distinct  phases.  The  design  of  the  electronic  interface  was  described  in  great 
detail  in  Chapter  IV.  The  design,  itself,  was  the  subject  of  the  first  test. 
Although  the  design  stands  up  to  rigorous  timing  analysis  on  paper,  it  had  to  be 
validated  with  real  integrated  circuits  and  wires.  This  initial  validation  was  done 
with  a  breadboard  layout.  When  this  functioned  satisfactorily,  a  wire-wrapped 
prototype  board  was  constructed.  Since  the  design  flaws  of  the  original 
MUSTANG  interface  circuit  were  not  discovered  during  laboratory  testing,  a 
foolproof  method  of  testing  the  revised  circuit  had  to  be  devised.  The  only  way 
to  be  sure  that  the  interface  would  function  correctly  in  flight  was  to  test  it  with 
the  other  flight  components.  A  special  trip  was  scheduled  to  NASA  Goddard 
Space  Flight  Center,  Wallops  Flight  Facility  in  Wallops  Island,  Virginia  to  test 
the  interface  with  the  Aydin  Vector  MMP-6(X)  PCM  Encoder  providing  the 
clocking  signals.  Once  the  circuit  operation  was  demonstrated  under  flight 
conditions,  the  final  flight-qualified  circuit  was  constructed  and  subjected  to 
rigorous  tests  at  the  formal  rocket  and  payload  integration  at  Wallops  Island. 

A.  ORIGINAL  BREADBOARD  DESIGN  VALIDATION 

A  breadboard  was  selected  as  the  first  medium  on  which  to  layout  the 
redesigned  interface  circuit  for  several  reasons.  The  breadboard  is  easy  to  work 
with,  and  provides  its  own  power  and  some  control  signals  for  intermediate 
testing.  Signal  paths  are  easily  traced  on  a  breadboard  circuit  which  aids  in 
troubleshooting.  Several  alternatives  can  be  quickly  and  easily  compared  by 
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plugging  and  unplugging  wires  and  integrated  circuits.  The  breadboard  does 
have  several  disadvantages,  however.  The  circuit  layout  is  inherently  messy 
since  wires  must  pass  ovei  tin.,  top  of  the  circuit.  The  layout  is  generally  very 
noisy  with  long  wires  adding  significantly  to  stray  capacitance.  There  is  a  large 
amount  of  coupling  between  signals  which  are  physically  adjacent  on  the 
breadboard. 

The  advantages  above  make  the  breadboard  ideal  for  testing  new  designs. 
The  first  step  was  to  get  familiar  with  the  operation  of  the  different  integrated 
circuits.  Various  control  signals  and  outputs  were  studied  for  the  A/D  converter, 
D/A  converter,  FIFO,  monostable  multivibrator  and  other  integrated  circuits. 
Once  all  of  the  circuit  components  were  fully  understood,  the  circuit  described  in 
Chapter  IV  was  constructed.  Some  important  design  considerations  were 
addressed  at  this  point.  The  data  word  to  be  stored  in  the  FIFO  memory  was  ten 
bits  wide.  The  two  FIFO  integrated  circuits  could  each  store  nine  bits  each,  and 
the  two  latches  could  store  eight  bits  each.  The  bits  of  the  data  word  had  to  be 
divided  between  these  components.  Each  component  was  MILSTD  883  Class  B 
screened  for  high  reliability,  and  no  one  integrated  circuit  was  more  prone  to 
failure  than  any  other.  It  was  decided  to  split  the  bits  evenly  between  the  FIFO’s 
and  latches.  Relative  component  placement  in  the  layout  was  also  considered  to 
ensure  short  signal  pathlength  for  minimum  noise.  The  bit  numbering  scheme 
for  the  A/D  converter  was  opposite  to  the  convention  used  by  the  rocket  payload 
wiring  diagrams.  Care  had  to  be  taken  to  ensure  the  most  significant  bit,  (MSB), 
and  least  significant  bit,  (LSB),  were  kept  in  their  proper  orientation  when 
delivered  to  the  PCM  encoder  circuitry.  A  summary  of  the  bit  numbering 
notation  is  as  follows. 
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•  MSB  =  HAS  1202A  Bit  1  (pin  5)  =  Rocket  Payload  Connector  Bit  9 
(pin  19) 

•  LSB  =  HAS  1202A  Bit  10  (pin  14)  =  Rocket  Payload  Connector  Bit  0 
(pin  10) 

The  breadboard  circuit  was  connected  to  the  GSE  described  in  Chapter  S  and 
found  to  operate  correctly.  The  spare  detector  box  was  used  as  the  source  of 
analog  signal  input.  A  mask  with  three  pinholes  of  various  sizes  was  placed  over 
the  detector  window,  and  a  spectrum  was  obtained  with  the  Macintosh  II 
computer.  The  spectrum  obtained  had  three  features  corresponding  to  light 
from  the  pinholes  reaching  the  image  sensor.  The  spectral  features  corresponded 
to  the  size  and  location  of  the  pinholes  in  mask.  This  verified  correct  operation 
of  the  interface  circuit  design.  The  breadboard  circuit  is  shown  in  Figure  7-1. 
The  next  step  was  to  develop  a  wire-wrapped  prototype  circuit  suitable  for 
testing  outside  of  the  laboratory. 

B.  WIRE  WRAPPED  PROTOTYPE  CONSTRUCTION 

Wire-wrapped  circuits  on  a  good-quality  vector  board  provide  a  much  more 
durable  and  reliable  circuit.  High-reliability  integrated  circuit  sockets  were  used 
for  good  connections  at  all  components.  Since  the  MUSTANG  interface  design 
had  already  been  verified,  the  emphasis  in  this  circuit  construction  was  on  circuit 
layout  and  neatness.  An  attempt  was  made  to  place  components  as  they  would  be 
placed  on  the  final  flight-qualified  printed  circuit  board.  This  gave  an  indication 
of  the  noise  behavior  of  the  final  circuit  with  the  components  operating  in  close 
proximity  to  one  another.  D-sub  connectors  were  mounted  to  the  vector  board, 
and  the  circuit  was  tested  with  the  same  laboratory  GSE.  The  wire-wrapped 
prototype  circuit  is  shown  in  Figure  7-2. 
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Figure  7-1  Breadboard  Prototype  Interface  Circuit 


The  main  purpose  of  constructing  the  more  rugged  wire-wrapped  circuit, 
was  to  allow  for  transportation  to  Wallops  Island,  and  testing  at  the  NASA, 
Wallops  Flight  Facility.  A  breadboard  design  would  never  have  survived 
shipping  intact.  The  breadboard  circuit  worked  as  expected  in  the  laboratory 
GSE  setup.  The  most  important  question  to  be  answered  was  if  it  would  work  on 
the  rocket  with  the  PCM  encoder  supplying  the  synchronized  clocking  signals.  A 
test  was  scheduled  at  Wallops  Island,  but  a  foolproof  method  had  to  be  devised  to 
ensure  that  all  S12  photodiodes,  actually  made  it  to  the  rocket  telemetry  section. 

Two  methods  were  possible  to  test  the  circuit.  The  first  method  would  be  to 
hook  it  up  to  the  MUSTANG  instrument,  and  use  one  of  the  wavelength 
calibration  lamps.  The  spectral  components  gathered  by  the  MUSTANG  would 
then  have  to  be  compared  to  the  known  spectral  characteristics  of  the  lamp.  If  a 
data  shift  occurred,  as  in  the  first  MUSTANG  flight,  then  we  would  know  that 
data  was  being  lost  again.  This  method  did  not  allow  for  ensuring  that  every 
single  data  word  was  getting  through.  It  would  only  give  a  rough  idea  if  the 
circuit  was  working  correctly  or  not. 

The  second  method  involved  using  the  spare  detector.  This  eliminated  the 
need  for  any  type  of  calibration  lamp  or  the  MUSTANG  instrument  itself.  The 
test  would  involve  using  some  type  of  geometrical  pattern  on  the  spare  detector. 
This  alternative  relied  only  on  geometry  to  determine  if  every  data  word  was 
getting  through,  and  looked  much  more  promising  than  evaluating  an  ultraviolet 
spectrum  taken  by  the  instrument.  This  method  was  selected  as  the  best  way  to 
test  the  circuit.  Several  geometric  patterns  were  evaluated  for  their  ability  to 
distinguish  a  single  photodiode  in  the  output  data. 
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The  pinhole  mask  produced  a  spectral  feature  that  was  much  too  broad  to 
distinguish  a  single  pixel.  Next,  a  very  narrow  slit  was  constructed  in  front  of 
the  detector  window  with  two  razor  blades.  The  blades  were  moved  slightly 
apart  at  one  end  to  produce  a  spectrum  that  looked  like  a  ramp.  The  ramp 
spectrum  had  enough  fluctuations  in  it  to  prevent  its  use  in  determining  if  a 
single  word  was  lost  in  the  spectrum.  Next,  the  razor  blades  were  used  to  make 
a  uniform  slit  with  a  very  thin  wire  placed  perpendicular  to  the  slit.  The  shadow 
cast  by  the  wire  on  the  image  sensor  was  still  approximately  five  pixels  wide. 
This  was  too  wide  to  determine  each  individual  pixel.  Finally,  a  satisfactory  test 
was  devised  using  a  single  razor  blade  and  a  micrometer  rig.  This  test  is 
described  fully  in  the  next  section. 

C.  PRELIMINARY  TESTING  AT  WALLOPS  ISLAND 

The  prototype  interface  circuit  and  all  of  the  GSE  were  transported  to  NASA 
Goddard  Space  Flight  Center,  Wallops  Flight  Facility  in  Wallops  Island, 
Virginia.  NASA  provided  the  actual  sounding  rocket  telemetry  section  for  our 
use  in  the  tests.  The  PCM  encoder  was  programmed  just  as  it  was  for  the 
MUSTANG  sounding  rocket  flight.  The  test  micrometer  rig  and  the  spare 
detector  were  setup  as  shown  in  Figure  7-3  and  Figure  7-4.  The  prototype 
interface  circuit  was  connected  to  the  PCM  encoder,  and  to  the  spare  detector.  A 
light  source  was  set  up  approximately  20  feet  across  the  room  to  illuminate  the 
detector.  The  overhead  lights  were  turned  off  for  the  duration  of  the  test 
described  below. 

A  razor  blade  was  attached  to  the  micrometer  with  its  edge  vertical.  The 
spare  detector  was  positioned  behind  the  razor  blade  relative  to  the  light  source. 
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Figure  7<3  Electronic  Interface  Prototype  Circuit  and  Spare  Detector 
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The  micrometer  travel  was  horizontal  so  that  as  the  razor  blade  moved,  it 
obscured  from  the  light  source  each  successive  photodiode  on  the  image  sensor. 

1.  Testing  of  the  Original  Electronic  Interface  Circuit 

The  first  test  conducted  with  the  micrometer  test  rig  was  of  the  original 
MUSTANG  interface  circuit.  In  order  to  validate  past  analysis  on  the 
MUSTANG  flight  data,  it  was  desired  to  verify  that  every  17th  data  word  was 
really  dropped  out.  It  was  also  desirable  to  determine  if  any  extra  data  words 
were  really  dropped  out,  and  if  so,  the  location  in  the  spectrum  of  the  lost  words. 
The  512  data  words  from  the  original  MUSTANG  interface  were  observed  on 
the  ground  station  computer.  The  micrometer  was  translated  in  50p.m 
increments,  since  that  is  the  pitch  of  an  individual  photodiode  on  the  linear  image 
sensor  as  described  in  Chapter  II.  The  photodiodes  in  the  linear  array  that  were 
exposed  to  the  light,  produced  a  uniform  value  at  the  output  observed  in  the 
telemetry  computer.  The  photodiodes  in  the  shadow  of  the  razor  blade  produced 
a  significantly  lower  value  at  the  output.  It  was  possible  to  determine  from  the 
output  observed  on  the  telemetry  computer,  the  location  of  the  razor  blade  edge 
to  within  a  single  pixel  location.  This  made  it  possible  to  uniquely  identify  every 
single  pixel  in  the  spectrum  produced  by  the  image  sensor.  As  the  micrometer 
was  rotated  another  SOpm,  one  pixel  in  the  output  would  go  from  a  high  to  a  low 
value  indicating  that  it  was  being  shaded  by  the  razor  blade.  A  slight  amount  of 
diffraction  was  exhibited  by  the  light  passing  the  edge  of  the  razor  blade,  but 
each  individual  pixel  could  ea.sily  be  identified  in  the  output. 

When  the  micrometer  was  translated,  and  the  computer  output  did  not 
change,  there  was  indication  that  the  data  from  the  photodiode  at  that  location 
was  being  lost.  The  test  verified  that  every  17th  data  word  in  the  spectrum  was. 
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in  fact,  lost  as  suspected.  Three  additional  data  words  were  found  to  be  lost 
from  the  spectrum  at  pixel  locations  103,  240  and  376.  This  data  loss  was 
exactly  as  predicted  in  the  data  analysis  performed  on  the  MUSTANG  flight  data 
[Ref.  3;p.  72].  The  of  this  test  are  summarized  in  Appendix  L.  The 

location  of  ail  lost  data  words  in  the  spectrum  is  identified  in  this  Appendix, 
along  with  the  corresponding  wavelength  for  each  pixel.  This  data  assumes 
3. 133 A  wavelength  per  pixel. 

2.  Testing  of  the  Revised  Electronic  Interface  Prototype  Circuit 

The  revised  electronic  interface  circuit  was  tested  under  the  exact  same 
conditions  as  the  original  circuit  described  above.  The  micrometer  rig  was 
moved  over  the  entire  length  of  the  image  sensor.  Every  single  photodiode  was 
found  to  be  represented  in  the  output  spectrum  indicating  that  no  data  words 
were  lost.  This  test  positively  verified  the  functionality  of  the  revised  interface 
circuit.  The  next  phase  of  development  was  to  produce  the  printed  circuit  boards 
described  in  Chapter  VI  for  construction  of  the  final  flight-qualified  interface 
circuit. 

D.  VALIDATION  OF  FLIGHT-QUALIFIED  CIRCUIT 

Several  copies  of  the  two  printed  circuit  boards  were  manufactured  by  West 
Coast  Circuits,  Inc., in  Watsonville,  California.  High-reliability  integrated  circuit 
sockets  were  used  with  the  first  set  of  printed  circuit  boards.  The  circuit  boards 
were  secured  in  the  flight  interface  box  and  attached  to  the  MUSTANG 
instrument.  The  circuit  was  verified  to  operate  properly  when  tested  from  the 
laboratory  GSE  setup.  The  clock  synchronization  waveforms  produced  by  the 
GSE  were  discussed  in  Chapter  V  All  other  control  waveforms  generated  by  the 
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interface  circuit  are  presented  in  this  section  for  verification  of  proper 
operation. 

1.  Driver/Amplifier  Board  Signals 

The  Hamamatsu  Driver/Amplifier  circuit  within  the  MUSTANG 
instrument  needs  only  two  control  signals  for  its  operation,  a  system  clock  and  a 
start  command.  The  system  clock  is  the  same  as  the  Bit  Clock  produced  by  the 
GSE  as  shown  in  Figure  5-2.  The  Start  command  is  produced  by  the  interface 
circuit  and  is  shown,  along  with  the  Frame  Clock,  in  Figure  7-5.  The  Start 
command  is  produced  by  a  monostable  multivibrator  as  described  in  Chapter  IV. 
It  was  configured  to  be  a  positive  pulse  of  approximately  6.53iis  duration 
triggered  by  the  rising  edge  of  the  Frame  Clock  pulse.  The  Frame  Clock  as 
described  in  Chapter  V,  is  high  for  one  data  word  in  1024.  The  duration  of  the 
Frame  Pulse  is  50p.s  and  the  period  is  51.2ms.  The  Start  pulse  in  Figure  7-5 
rises  with  the  rising  edge  of  the  Frame  Clock  pulse  and  falls  approximately  6.5)is 
later,  as  designed.  The  Reset  command,  shown  in  Figure  4-1,  is  used  to  reset  the 
FIFO  memory  at  the  beginning  of  each  frame  of  data.  It  is  derived  from  the 
complementary  output  of  the  same  monostable  that  generates  the  Start  pulse. 
The  Reset  pulse  is  just  the  inverted  signal  of  the  Start  pulse  and  is  not  shown 
here. 

The  Hamamatsu  driver/amplifier  circuit  provides  the  Trigger  signal 
which  pulses  high  each  time  the  analog  signal  read  out  from  a  new  photodiode  is 
stable.  The  Trigger  pulse  duration  is  5|xs  and  a  new  pulse  occurs  every  20|is. 
The  Trigger  signal  is  shown  in  relation  to  the  Bit  Clock  in  Figure  7-6. 
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Figure  7-5  Frame  Clock  (top)  and  Start  Command  Signal  (bottom) 


2  V/div 


2  V/div 


5  |is/div 

Figure  7-6  Bit  Clock  (top)  and  Trigger  Signal  (bottom) 


2.  Data  Acquisition  From  the  MUSTANG  Instrument 

The  data  from  the  MUSTANG  instrument  is  in  the  form  of  an  analog 
voltage.  The  analog  signal  is  referred  to  as  Video  Data.  This  analog  voltage  is 
delivered  to  the  interface  circuit  via  a  coaxial  cable,  and  must  be  accepted  when 
the  Trigger  control  signal  is  high.  The  command  signals  discussed  in  Chapter  IV 
for  digitizing  and  storing  the  analog  voltage  are  shown  in  this  section. 
a.  Command  Signals 

An  Encode  command  is  generated  with  a  monostable  multivibrator 
on  the  rising  edge  of  the  Trigger  signal.  This  command  pulse  tells  the  A/D 
converter  that  the  analo<*  input  voltage  is  constant,  and  ready  to  be  digitized. 
The  positive  Encode  pulse  was  configured  to  have  a  duration  of  525ns  and  is 
shown  in  Figure  7-7  along  with  the  Trigger  signal  that  initiates  it. 

The  Data  Ready  signal  is  a  positive  pulse  generated  by  the  A/D 
converter.  The  Data  Ready  pulse  goes  high  after  the  Encode  pulse  goes  high  to 
signify  that  the  data  conversion  process  has  started.  Data  Ready  goes  low  when 
the  data  conversion  process  is  complete  signifying  that  the  digital  word 
representing  the  analog  signal  has  been  latched  and  is  available  at  the  output  pins. 
Figure  7-8  shows  the  Data  Ready  signal  compared  to  the  Trigger  signal.  Figure 
7-9  shows  the  Data  Ready  signal  compared  to  the  Encode  command  signal.  The 
Data  Ready  signal  is  supposed  to  go  high  approximately  60ns  after  the  rising 
edge  of  the  Encode  command,  and  this  is  verified  in  Figure  7-9.  The  data 
conversion  in  the  A/D  converter  is  supposed  to  take  no  longer  than  1.46jis  plus 
the  duration  of  the  encode  command.  Figure  7-9  shows  that  the  data  conversion 
is  complete  in  approximately  1 .80ps,  which  is  well  within  the  specification. 
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Figure  7-7  Trigger  Signal  (top)  and  Encode  Command  Signal 

(bottom) 


2  V/div 


2  V/div 


1  |is/div 


Figure  7-8  Trigger  Signal  (top)  and  Data  Ready  Signal  (bottom) 


Figure  7>9  Encode  Command  Signal  (top)  and  Data  Ready  Signal 

(bottom) 
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Figure  7-10  Data  Ready  Signal  (top)  and  Write  Command  Signal 

(bottom) 


The  Write  command  signal  tells  the  FIFO  that  the  digital  data  out  of 
the  A/D  converter  is  valid  and  should  be  latched  into  the  FIFO.  This  negative 
pulse  is  also  generated  by  a  monostable  triggered  from  the  falling  edge  of  the 
Data  Ready  signal.  The  Write  command  signal  is  shown  in  relation  to  the  Data 
Ready  signal  in  Figure  7-10.  The  Write  pulse  duration  was  configured  to  be 
0.98|is,  and  it  is  verified  to  be  just  less  than  one  microsecond  in  Figure  7-10. 
Close  inspection  of  this  figure  reveals  that  there  is  a  noticeable  propagation  delay 
for  the  monostable  in  generating  the  Write  command  pulse.  The  falling  edge  of 
the  Write  signal  occurs  several  tens  of  nanoseconds  after  the  falling  edge  of  the 
Data  Ready  signal  as  predicted  in  Figure  4-2. 

Another  feature  apparent  in  the  Write  command  signal  of  Figure  7- 
10  is  the  significant  noise  present  in  the  first  O.Sps  of  the  oscilloscope  trace. 
This  noise  is  due  to  the  Encode  conunand  which  goes  low  at  that  time.  This  can 
be  verified  from  Figure  7-9.  This  noise,  while  significant,  does  not  cause  any 
problems  in  the  control  of  the  interface  circuit.  The  noise  is  in  no  danger  of 
being  interpreted  as  a  false  Write  command  signal.  This  digital  noise  did, 
however,  find  its  way  into  the  analog  voltage  signal  from  the  MUSTANG 
instrument  which  had  to  be  corrected  in  the  final  design. 

b.  Digital  Noise  Imposed  on  the  Analog  Voltage  Signal 

In  the  original  MUSTANG  interface  circuit,  the  digital  and  analog 
grounds  were  all  connected  together  via  a  ground  plane  which  filled  one  side  of 
the  printed  circuit  board.  This  meant  that  any  digital  noise  caused  by  transitions 
in  all  of  the  command  signals,  could  reach  the  analog  voltage  signal  through  the 
ground  plane.  In  an  effort  to  prevent  this  noise  in  the  analog  signal,  the  coaxial 
shield  around  the  analog  signal  line  was  not  connected  from  the  driver/amplifier 
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circuit  to  the  SMA  connector  on  the  MUSTANG  instrument.  This  intended  fix, 
in  fact,  had  the  opposite  effect.  The  analog  voltage  signal  produced  by  the  image 
sensor  on  the  driver/amplifier  circuit  is  referenced  to  an  analog  ground  on  the 
driver/amplifier  board.  The  analog  ground  is  tied  to  the  digital  ground  on  the 
driver/amplifier  circuit,  and  this  cannot  be  altered.  The  analog  voltage  signal 
traveled  down  a  coaxial  cable  to  the  interface  circuit  to  be  digitized  by  an  A/D 
converter.  The  ground,  that  this  analog  signal  was  referenced  to,  was  not  passed 
to  the  interface  circuit,  but  was  interrupted  by  the  open  circuit  at  the  SMA 
connector  on  the  MUSTANG  instrument. 

Effective  signal  grounding  and  shielding  is  a  complex  science  to  the 
extent  that  it  could  almost  be  called  an  art.  The  ideal  system  ground  would  be  a 
single  point.  Since  circuits  and  components  have  physical  size,  a  point  ground  is 
not  feasible.  Instead,  the  ground  must  be  distributed  around  to  all  components 
on  a  plane,  through  wires  or  through  metal  casings  of  circuit  enclosures  and 
instruments.  This  leads  to  multiple  paths  or  loops  in  the  ground  paths  between 
components  in  the  system.  The  ground  elements  are  therefore  exposed  to 
magnetically  induced  currents  and  other  phenomena  which  result  in  potential 
differences  throughout  the  ground  system. 

In  the  case  of  the  original  MUSTANG  configuration,  the  ground 
that  the  analog  signal  was  referenced  to  was  not  at  the  same  potential  as  the 
ground  on  the  interface  circuit.  The  coaxial  cable  in  the  spare  detector  box  is 
not  grounded  to  the  box  itself.  This  is  the  same  as  the  configuration  in  the 
MUSTANG  instrument.  Figure  7-11  was  obtained  using  the  Video  Data  signal 
out  of  the  spare  detector  circuit  and  the  revised  interface  circuit.  The  Video 
Data  signal  of  approximately  two  volts  is  shown  in  reference  to  the  Trigger 


139 


signal.  The  Trigger  signal  initiates  all  of  the  data  conversion  process,  indicating 
that  the  analog  voltage  is  stable.  There  is  clearly  a  lot  of  noise  in  the  analog 
signal  while  the  Trigger  signal  is  high.  Voltage  swings  of  the  noise  spikes  are 
nearly  one  volt  peak-to-peak,  and  are  due  to  the  digital  transitions  of  the  control 
signals  as  will  be  explained  later.  The  spikes  are  so  large  simply  because  the 
ground  potential  at  the  driver/amplifier  circuit  is  not  the  same  as  the  ground 
potential  at  the  A/D  converter. 


2  V/div 


1  V/div 


5  ps/div 


Figure  7-11  Trigger  Signal  (top)  and  Unreferenced  Video  Data 
Signal  (bottom)  before  connecting  coaxial  shield 
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c.  Modifications  to  Reduce  Noise  in  the  Analog  Voltage 

Signal 

The  first  correction  to  decrease  the  noise  present  on  the  analog 
signal  was  to  reconnect  the  coaxial  shield  from  the  driver/amplifier  circuit  to  the 
SMA  connector  on  the  MUSTANG  instrument.  This  ensured  a  contiguous 
ground  shield  from  the  origin  of  the  Video  Data  signal,  all  the  way  to  the  A/D 
converter.  The  results  of  this  modiHcation  were  rather  spectacular,  and  are 
shown  in  Figures  7-12  and  7-13.  These  figures  were  obtained  by  viewing  the 
Video  Data  signal  from  the  MUSTANG  instrument  with  only  instrument  power 
applied.  The  high  voltage  circuit  was  not  energized,  so  the  instrument  output 
was  due  only  to  dark  current.  The  Video  Data  signal  amplitude  is  only  about 
80mV,  and  the  noise  has  been  reduced  to  approximately  ±40mV.  This  is  a  very 
significant  improvement. 

The  origin  of  the  noise  spikes  can  easily  be  determined  from  the 
figures.  Figure  7-12  shows  the  Video  Data  signal  in  reference  to  the  Encode 
command  signal.  The  Encode  command  pulse  transitions  are  responsible  for  the 
first  two  noise  spikes  on  the  Video  Data  signal.  Figure  7-13  shows  the  Video 
Data  signal  referenced  to  the  Data  Ready  signal.  The  falling  edge  of  the  Data 
Ready  signal  is  responsible  for  the  next  noise  spike  visible  in  the  Video  Data 
signal.  The  fourth  noise  spike  is  due  to  the  rising  edge  of  the  Write  command 
pulse  which  is  not  shown  in  these  figures.  Close  inspection  also  will  show  that 
there  are  smaller  noise  spikes  that  occur  at  2.5ps  intervals  which  correspond  to 
transitions  of  the  Bit  Clock. 

The  ten  most  significant  bits  are  being  used  on  the  A/D  converter 
which  is  set  for  8.24V  full  scale.  This  corresponds  to  approximately  8.05m V 
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Figure  7-12  Encode  Command  Signal  (top)  and  Video  Data  Signal 
(bottom)  after  connecting  coaxial  shield 


2  V/div 


50  mV/div 


20  ps/div 
xlO 


Figure  7-13  Data  Ready  Signal  (top)  and  Video  Data  Signal  (bottom) 

after  connecting  coaxial  shield 


resolution  in  the  digitized  signal.  The  noise  observed  in  Figures  7-12  and  7-13 
indicates  that  the  low  three  or  four  bits  would  vary  with  noise.  After  the  Encode 
conunand  pulse  goes  low,  the  analog  voltage  signal  is  relatively  noise  free  until 
A/D  conversion  is  complete.  This  allows  for  a  quiet  environment  in  which  the 
current-output  D/A  converter,  successive  approximation  register  and  high  speed 
comparator  can  digitize  the  analog  signal  within  the  A/D  converter.  Pulldown 
resistors  were  placed  on  the  four  least  significant  bits  to  aid  in  sinking  current 
for  transitions  in  a  noisy  environment  as  suggested  in  Appendix  D.  All  of  the 
noise  that  occurs  in  the  analog  signal  after  the  digitizing  is  complete  is  not  of 
concern.  The  digital  data  bits  are  latched  in  the  successive  approximation 
register  with  the  falling  edge  of  the  Data  Ready  pulse. 

One  additional  attempt  to  reduce  the  noise  on  the  analog  voltage 
signal  was  to  separate  the  analog  and  digital  ground  at  the  interface  circuit.  It 
was  hoped  that  isolating  the  analog  ground  of  the  A/D  converter  from  the  digital 
ground  plane  of  the  interface  circuit  would  reduce  the  noise  seen  in  Figures  7-12 
and  7-13.  A  portion  of  the  ground  plane  on  the  printed  circuit  board  was  carved 
out  to  accommodate  the  analog  ground  pins  of  the  A/D  converter  and  the  same 
measurements  were  taken.  Unfortunately,  this  resulted  in  slightly  higher 
amplitude  noise  spikes.  The  recommendation  of  Appendix  D,  for  a  low 
imp>edance  ground  plane  to  connect  the  analog  and  digital  ground  pins  of  the  A/D 
converter,  was  followed,  and  the  ground  plane  was  left  intact  on  the  flight- 
qualified  interface  circuit  boards. 

3.  Data  Transfer  to  the  PCM  Encoder 

As  mentioned  in  Chapter  IV,  this  portion  of  the  interface  circuit  was  the 
most  important  as  far  as  timing  analysis  was  concerned.  The  gated  Enable 
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signal  was  created  to  be  synchronous  with  the  falling  edge  of  the  Word  Clock, 
This  is  shown  in  Figures  7-14  and  7-15.  These  figures  show  the  gated  Enable 
signal  in  reference  to  the  Word  Clock.  TTie  gated  Enable  signal  rises  with  the 
falling  edge  of  a  Word  Clock  pulse,  and  falls  with  the  falling  edge  of  the  Word 
Clock  for  the  17th  data  word. 

The  Read  command  signal  is  shown  in  reference  to  the  gated  Enable 
signal  in  Figures  7-16  and  7-17.  This  is  the  most  critical  signal  in  the  interface 
circuit  since  it  was  the  source  of  data  loss  in  the  original  MUSTANG  interface 
circuit.  The  first  Read  command  pulse  is  shown  in  Figure  7-16,  and  it  goes  low 
immediately  with  the  rising  edge  of  the  gated  Enable  signal.  This  validates  the 
design  described  in  Chapter  IV.  All  16  Read  command  pulses  were  counted 
while  the  gated  Enable  signal  was  high  on  the  expanded  time  scale  mode  of  the 
oscilloscope.  No  glitch  of  any  kind  is  apparent  on  the  Read  command  line  from 
Figure  7- 1 7  after  the  gated  Enable  signal  goes  low.  This  verifies  that  no  extra 
Read  command  pulses  will  be  generated  in  the  interface  circuit;  therefore,  no 
data  will  be  lost. 

The  negative  Read  command  pulses  were  created  from  a  monostable 
multivibrator,  and  configured  to  be  2.8p.s  in  duration.  The  Read  pulse  was 
triggered  on  the  rising  edge  of  the  inverted  Word  Clock  which  is  shown  by  its 
relationship  to  the  gated  Enable  signal  in  Figure  7-16.  The  duration  of  the  Read 
command  pulse  is  verified  in  Figure  7-18  where  the  Read  pulse  is  shown  as 
compared  to  the  Latch  command  pulse.  The  positive  Latch  pulse  is  also 
generated  from  a  monostable  triggered  from  the  same  edge  as  the  Read  pulse. 
The  Latch  pulse  duration  was  configured  to  be  2.1  ps.  Figure  7-18  shows  that  the 
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0.1  ms/div 
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Figure  7*14  Word  Clock  (top)  and  Gated  Enable  Signal  Rising  Edge 

(bottom) 


Figure  7-15  Word  Clock  (top)  and  Gated  Enable  Signal  Falling  Edge 

(bottom) 
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Figure  7-16  Gated  Enable  Signal  Rising  Edge  (top)  and  Read 
Command  Signal  (bottom) 


- 

2  V/div 

2  V/div 

0.1  ms/div 
xlO 


Figure  7-17  Gated  Enable  Signal  Falling  Edge  (top)  and  Read 

Command  Signal  (bottom) 


Figure  7-18  Read  Command  Signal  (top)  and  Latch  Signal  (bottom) 


Read  pulse  ended  up  about  3.2|is,  and  the  Latch  pulse  about  2.3|i.s  which  fulfills 
the  requirements  of  the  circuit  design  in  Chapter  IV. 

4.  Instrument  Gain  Control  Voltage 

The  instrument  gain  control  voltage  was  measured  with  a  multimeter  at 
the  output  of  the  D/A  converter.  The  measured  voltages  listed  below  are 
consistent  with  the  calculated  voltages  from  Figure  4-5. 

•  Measured  High  Gain  Control  Voltage  =  9.706V 

•  Measured  Low  Gain  Control  Voltage  =  9.394V 

Due  to  the  extreme  sensitivity  of  the  instrument  gain  to  this  control 
voltage,  it  was  imperative  that  this  analog  voltage  be  noise  free.  The  analog 
voltage  was  observed  on  an  oscilloscope,  and  a  significant  amount  of  noise  was 
present.  This  noise  was  believe  to  be  a  product  of  the  test  setup.  A  differential 


measurement  was  performed  using  the  oscilloscope  and  two  probes  with  their 
leads  twisted  together.  No  noise  was  observed  beyond  the  accuracy  of  the 
measurement  which  was  20mV  peak-to-peak. 

E.  ROCKET  INTEGRATION  TESTING  AT  WALLOPS  ISLAND 

The  MUSTANG  instrument  was  taken  to  the  Naval  Research  Laboratory 
where  it  was  integrated  with  the  HIRAAS  instrument.  The  MUSTANG 
physically  attaches  to  the  side  of  HIRAAS  in  the  Experiment  section  of  the 
rocket.  It  was  tested  in  this  configuration  with  the  Launch  GSE  supplyiuc, 
telemetry  clocks,  and  was  found  to  function  without  problem. 

The  rocket  Experiment  section  was  transported  to  Wallops  Flight  Facility  for 
the  full  rocket  integration  testing.  All  sections  of  the  rocket  were  first  connected 
electrically,  and  a  series  of  sequence  tests  were  performed.  The  sequence  test 
performs  an  actual  launch  countdown,  and  all  flight  timers  and  relays  are  tested 
to  ensure  that  the  preprogrammed  events  happen  according  to  the  flight  schedule. 
A  brief  summary  of  major  flight  events  are  as  follows. 


•  -120  seconds 

•  -30  seconds 

•  0  seconds 

•  12  seconds 

•  44  seconds 

•  60  seconds 

•  63  seconds 

•  66  seconds 

•  85  seconds 

•  96  seconds 

•  293  seconds 

•  490  seconds 


Begin  countdown 
Rocket  on  internal  power 
Terrier  ignition 
Black  Brant  ignition 
Black  Brant  burnout 
Rocket  despin 
Payload  separation 

Nose  cone  eject.  Experiment  section  door  opens 
MUSTANG  instrument  power  applied 
MUSTANG  high  volts  power  applied 
Switch  to  high  gain 
Switch  to  low  gain 
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•  510  seconds  MUSTANG  high  volts  power  off,  close  door 

•  516  seconds  MUSTANG  instrument  power  off 

•  605  seconds  Deploy  parachute 

The  MUSTANG  performed  with  no  problems  during  all  of  the  sequence 
tests.  All  sections  of  the  rocket  were  then  bolted  together  in  their  final  launch 
configuration  for  environmental  testing.  The  environmental  tests  determine  the 
mechanical  characteristics  and  integrity  of  the  rocket  and  payload.  These  tests 
consist  of  the  following. 

•  Moment  of  inertia  determination 

•  Weight  determination 

•  Center  of  gravity  determination 

•  Spin  balance 

•  Three-axis  random  vibration  tests 

•  Operational  spin  test 

Following  environmental  testing,  the  rocket  is  subjected  to  another  series  of 
sequence  tests  to  ensure  that  it  still  functions  properly  after  all  of  the  mechanical 
tests.  The  MUSTANG  passed  all  of  the  integration  tests  and  is  ready  for  launch 
in  February  1992. 
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VIII.  CONCLUSIONS 


The  success  of  MUSTANG  on  the  NASA  sounding  rocket  experiment  in 
March,  1990  has  established  NPS  and  the  MUSTANG  project  in  the  scientific 
research  community.  The  rocket  flight  produced  the  best  measurements  to  date 
of  ultraviolet  emissions  in  the  earth’s  ionosphere  in  the  middle  ultraviolet 
wavelength  region.  Despite  the  success  of  this  flight,  some  problems  with  the 
electronic  interface  package  were  manifested  in  the  telemetry  data  recovered 
from  the  flight.  Continued  NASA  support  for  the  joint  NPS  and  NRL  research 
is  exhibited  in  the  scheduling  of  a  second  sounding  rocket  experiment 
(36.088DE)  for  the  MUSTANG  and  HIRAAS  instruments  which  will  launch  in 
February,  1992. 

A.  SUMMARY  OF  MUSTANG  DEVELOPMENT 

This  thesis  involved  redesign  of  the  MUSTANG  electronic  interface  package 
to  prevent  the  data  dropouts  which  occurred  during  the  first  sounding  rocket 
flight.  An  in-depth  analysis  of  the  MUSTANG  instrument  and  the  sounding 
rocket  components  was  necessary  to  determine  the  cause  of  the  data  dropouts  and 
to  formulate  a  new  circuit  design.  The  interface  circuit  redesign  included  the 
following  major  elements. 

•  Review  of  the  operational  limitations  of  the  MUSTANG  instrument  and  the 
PCD  linear  image  sensor  to  determine  necessary  interface  requirements. 

•  Review  of  the  interface  requirements  for  the  NASA-provided  PCM 
encoder  which  was  believed  to  be  the  cause  of  the  majority  of  the  data 
dropouts. 

•  Study  of  the  original  MUSTANG  interface  electronic  interface  circuit  to 
locate  possible  sources  of  faults  which  would  lead  to  data  dropouts 


150 


•  Propose  a  new  circuit  design  which  would  interface  with  existing  rocket 
ana  experiment  hardware  to  reliably  transfer  data  to  telemetry  during 
rocket  flight  without  the  risk  of  data  dropout. 

•  Construct  a  prototype  of  the  revised  interface  circuit,  and  validate  its 
proper  performance  through  testing  in  the  laboratory. 

•  Determine  the  cause  of  the  data  dropouts  with  the  original  interface  circuit 
through  testing  at  Wallops  Flight  Facility  with  an  actual  telemetry  section 
from  a  sounding  rocket.  Additionally,  verify  proper  performance  of  the 
revised  interface  circuit  prototype  with  the  same  test  setup. 

•  Design  and  fabricate  the  final  flight-qualified  components,  and  install  them 
on  MUSTANG 

•  Participate  in  the  formal  payload  integration  for  NASA  sounding  rocket 
flight  J6.088DE  in  October,  1991  at  Wallops  Flight  Facility  in  Wallops 
Island,  Virginia  to  ensure  the  proper  operation  of  I^STANG  in  the  flight 
environment. 

•  Design  and  implement  all  changes  in  the  MUSTANG  GSE  hardware  and 
software  necessary  to  support  the  revised  interface  circuit.  Additionally, 
implement  changes  in  the  GSE  to  make  it  more  user  friendly  for  new 
students  unfamiliar  with  the  operation  of  MUSTANG. 

Participation  in  the  MUSTANG  development  and  integration  provided  NPS 
students  with  an  informative  view  of  the  scientific  research  community  as  well  as 
the  DoD  program  environment.  The  opportunity  to  work  with  NPS  faculty, 
NRL  scientists  and  NASA  technicians  and  engineers  in  this  research  project 
provided  insight  not  attainable  in  the  classroom  environment.  The  exposure  to 
such  areas  as  program  management,  production  scheduling,  parts  procurement, 
compatibility  design,  component  integration  and  electronic  noise  reduction 
provided  by  MUSTANG  research  is  essential  to  the  development  of  the 
engineering  student. 


B.  PROSPECTS  FOR  FUTURE  ENHANCEMENTS  AND  FOLLOW 
ON  THESIS  WORK 

The  MUSTANG  electronic  interface  circuit  constructed  as  a  result  of  this 
thesis  work  performed  flawlessly  during  payload  integration  for  NASA  rocket 
experiment  36.088DE.  The  MUSTANG  instrument  is  e.xpected  to  operate 
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without  incident  on  the  upcoming  launch  in  February,  1992.  Data  recovered 
from  the  upcoming  launch  are  expected  to  be  even  better  than  the  first  launch, 
with  no  data  dropouts  to  complicate  analysis.  The  only  component  of  the 
MUSTANG  project  that  is  below  optimum  performance  is  the  launch  GSE 
interface  box.  Future  enhancements  could  concentrate  on  improving  the 
performance  of  this  piece  of  GSE  hardware.  The  current  design  is  adequate,  but 
a  concentrated  effort  would  be  necessary  to  bring  this  piece  of  GSE  equipment 
up  to  desired  performance.  The  MUSTANG  instrument  is  tentatively  scheduled 
to  make  one  additional  NASA  sounding  rocket  flight  following  the  upcoming 
scheduled  launch.  This  additional  launch  would  make  the  upgrade  of  the  launch 
GSE  a  worthwhile  topic  of  research  for  an  interested  Space  Systems  Engineering 
student  with  an  Electrical  Engineering  background. 

Additionally,  the  MUSTANG  instrument  is  to  be  one  of  many  instruments 
launched  on  the  Air  Force  P91-1  satellite  in  the  Fall  of  1995.  The  MUSTANG 
will  be  delivered  for  integration  on  the  satellite  in  the  Fall  of  1994.  The 
opportunity  for  future  work  by  NFS  students  on  the  MUSTANG  project  is 
guaranteed  and  wide  in  scope.  The  interested  Space  Systems  Operations  student 
could  follow  the  program  management  and  integration  of  an  actual  NFS 
instrument  onto  a  low  earth  orbit  satellite.  The  interested  engineering  student 
could  get  involved  with  the  design  of  the  flight  microprocessor-controlled 
MUSTANG  interface  with  the  satellite  bus.  Substantially  different  data 
acquisition  and  storage  methods,  and  time-shared  data  transfer  will  provide  a 
great  deal  of  future  research  work.  As  long  as  the  MUSTANG  continues  to  be 
successful,  there  will  always  be  a  need  for  research  in  the  analysis  of  the  data  it 
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provides  to  validate  current  photochemical  models  of  the  ionosphere,  and  to 
determine  ionospheric  electron  densities. 
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APPENDIX  A 


HAMAMATSU  PCD  IMAGE 

HAMJtMJITSU 


SENSOR  TECHNICAL  DATA 

PCD  LINEAR  IMAGE  SENSORS 
S2300  SERIES 


TECHNICAL  DATA 


(SO^  X  5.0  mm  Aperture  Size) 


The  S2300  series  PCD  linear  image  sensors  are  monolithic 
self-scanning  photodiode  arrays  designed  specifically 
lor  applications  m  multichannel  spectroscopy  The  scan¬ 
ning  circuit  IS  constructed  by  a  Plasma-Coupled  Device 
(PCD).  This  scanner  is  a  novel  bipolar  static  shift  register 
and  is  operatable  with  a  single  low  power  supply  voltage. 
PCD  image  sensors  feature  low  spike  noise,  large  sen¬ 
sitive  areas,  and  high  UV  light  sensitivity  that  allow  high 
S/N  ratios  even  m  low-light-level  detection  applications. 

The  photodiodes  of  the  S2300  series  are  arrayed  in  a  row 
with  50  um  center  to  center  spacing  and  5.0  mm  height. 
The  sensitive  area  is  twice  as  large  as  the  S2301  series, 
thus  well  suited  for  low-iight-ievel  detection  requiring  high 
sensitivity  Three  different  numbers  of  photodiodes.  256 
IS2300-256Q).  512  IS2300-512Q).  and  1024  (82300-10240) 
are  available.  Quartz  g  ass  is  the  standard  window  material. 
(Fiber  optic  window  types  are  also  available.) 

FEATURES 

•  Wide  photos*nsH)vt  «r««;  50  Mm  x  5.0  mm 

•  BlpoUr-typt  imago  sanaor 

•  WIdf  oparating  fraquancy;  DC  to  2MHz 

•  Oparatabla  with  low  voltaga,  aingla  powar 
supply 

•  Logic  Inputs  (start  pulsa,  shift  clocks)  ara 
TTL  compatibla  (opan  collactor  typa) 

•  Low  capacitiva  switching  noiaa 

•  High  UV  sansitivity 

•  High  output  llnaaiity  and  uniformity 

•  Low  dark  currant  and  high  saturation 
charga  allow  a  long  Intagraticn  tima  (or  a 
wida  dynamic  ranga  avan  at  room 
tamparatura. 


From  left;  S2300-256Q.  S2300-512Q.  S2300-10240.  S2300-1024F 


IMAGE  SENSOR  STRUCTURE 

The  PCD  linear  image  sensor  is  a  monolithic  integrated  circuit  con¬ 
structed  with  photodiode  arrays.  PCD  shift  register  and  switching  tran¬ 
sistors  for  addressing  the  photodiodes  Fig  1  shows  the  equivalent  cir- 
cult 

The  PCD  shift  register  is  a  static  type  self-scanner  that  transfers  an 
addressing  pulse  along  the  chain  dnven  by  a  synchronized  three  phase 
dock  Each  output  pulse  (negative  polarity)  from  the  PCD  shift  register  is 
then  fed  to  tne  base  electrode  of  each  p-n-p  switch  in  the  video  circuit 
Photodiodes  act  as  the  emitters  in  these  lateral  transistors,  and  operate 
in  the  charge  storage  mode.  Therefore  the  outputs  are  proportional  to 
the  product  of  the  illumination  intensity  and  repeated  scanning  period. 

As  Shown  m  Fig.l.  the  equivalent  circuit  of  82300  series  is  very  simple, 
no  dummy  photodiode  is  necessary  and  the  signal  is  available  from  only 
one  row  as  a  sequential  output  Furthermore  the  uniformity  and  purity  of 
the  signal  is  nigh,  malting  it  possible  to  measure  the  light  intensity  more 
accurately  with  a  simple  peripheral  driving  and  signal  processing  circuit. 

Fig  2  shows  the  sensor  geometry  The  photodiodes  consist  of  diffused 
o-fvoe  regions  m  n  iype  silicon  substrates  The  charges  generated  m 
these  two  regions  are  collected  and  stored  on  the  associated  P-N  junc 
tion  s  capacitance  durmg  the  integration  period.  The  p  type  diffused 
region  IS  sceciaiiy  processed  to  have  high  sensitivity  m  me  UV  region 
and  lower  aain  leakage  current. 


Figure  1:  Equivalent  circuit 


-c  -c  v;.;,:'  .  < 


Figure  2:  Seneer  geometry 
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PCD  LINEAR  IMAGE  SENSORS  S2300  SERIES 


MAXIMUM  RATINGS 

Supply  Voltage 

10V 

Operating  Temperature 

-30  to  -85*C 

Storage  T  emperature 

-40  lo-125‘C 

ELECTRICAL  CHARACTERISTICS  (at  25*) 


FaraiMiera 

SyaMa 

1  ITTWIFTfHK) 

Mta.  Tn.  Haa. 

1  S2300413O 

IMIn.  T)r».  Mu. 

sam-into 

Min.  Typ.  Hu. 

IMte  < 

Supply  Voltage 

Vcc 

3  5  7 

3  5  7 

3  5  7 

V 

Driving  Phase 

'  3 

3 

3 

phase 

Shift  Pulse  Voltage" 

Vsh  |H| 

4  0  5  5.5 

40  5  5.5 

40  5  5.5 

V 

Vsh  (L) 

0.8 

08 

0.8 

V 

Start  Pulse  Voltage 

Vs  (Hi 

Vcc 

Vcc 

Vcc 

V 

vs(u 

0.8 

0.8 

0.8 

V 

Operating  Frequency 

f 

DC  2 

DC  2 

DC  2 

MHz 

Photodiode  Capacitance 

Cp 

8 

8 

8 

pF 

Video  Line  Capacitance 

Cv 

25 

40 

SO 

pF 

Power  Consumption" 

P 

30 

30 

30 

mW 

Photodiode  OarK  Current" 

Id 

4  10 

4  10 

4  10 

pA 

•1:  At  Vcc  =  5V 


OPTICAL  CHARACTERISTICS 

Spectral  Response  (20%  of  peaxi 

200  to  1000  nm 

Wavelength  of  PeaK  Response 

600  nm 

Saturation  Exposure  Esat" 

50  mlux  sec 

Saturation  Charge  Osat 

37  pC 

Sensitivity  Uniformity*^ 

within  :  5% 

•1:  At  Vcc  =  5V 

'2:  50%  o(  saturation,  excluding  first  element 


Figure  3:  Typical  tpectral  retponee 


Figure  4:  Output  ctiarga  vs  exposure 


Figure  $:  OerS  output  charge  vs.  storage  time 
temperature  Oependency 


DIMENSIONAL  OUTLINES  AND  PIN  CONNECTIONS  (Dimensions  In  millimeters) 


S2300-2SM 

iCN*,  ■  .£ 


S230frS12Q 


SE^S*  .e  *«»£* 

M  =  :‘ 


$2300-10240 


i  . 
1  f 


1 

1 

1—:™= - - 

- 

- 

1 


: - |nnnjmuinnmvvmnnnnY|- — i  ,  j- 


4-- 


1  eiweafc 

IHMOtlono  ’'^^1 

Vo 

Video  Output  ) 

Two  Vo  are  connected  inside  the 
element. 

Vcc 

Power  Supply  Voltage 

GND 

Ground  lOV) 

;  s7 

Start  Pulse  input  (TTl  compatible) 

♦ 

Clock  Pulse  Input  {TTL  compatible) 

EOS 

End  ot  Scan 

Negative  C-MOS  compatible 
Obtainable  at  the  dock  timing  )ust  | 

'  after  The  last  element  is  scanned 

NC 

No  Connection  ! 

1  This  should  be  grounded  ' 

M«chanlc«l  Spacitication* 


S2300  S2300  S2I0S 
•2SSQ  -5120  -10240: 

Paramatara 

Number  ol  photodiodes 

256 

512 

;  1024 

j  Pitch  (wml 

50 

_ 1 

Aperture  (nm) 

50 

V  5000 

Number  of  pins 

22 

: 

28 

;  40  ' 

Window  material' 

Quartz 

Net  weight  (g) 

4 

5 

8 

•Fiber  optic  window  available 
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PCO  LINEAR  IMAGE  SENSOR  S2300  SERIES 


DRIVING  AND  AMPLIFIER  CIRCUIT 

The  clock  pulse  timing  and  circuit  parametef  requirmeots  Pulse  are  determined  by  Vs  and  Vsh  respectively.  To 

for  driving  the  S2300  series  PCD  image  sensor  are  provide  stable  operation  of  the  shift  register,  it  is 

shown  in  Fig.6  and  Fig  7  To  operate  the  PCO  shift  necessary  to  select  an  optimized  injection  current  con- 

register  requires  a  start  pulse  to  initiate  the  scan  and  trolled  by  resistances  Ri  and  R;  Typical  values  of  these 

three  phase  clock  to  drive  sequentially.  The  polarity  of  driving  parameters  are  shown  in  Fig. 7  and  the  electrical 

the  Stan  pulse  has  to  be  negative  and  the  clock  pulses  characteristics  table 

must  be  positive.  These  pulses  are  TTl  compatible  The  To  detect  low  light  levels  with  good  linearity,  video 
start  pulse  needs  at  least  500  ns  duration  time  and  a  current  integration  with  a  charge-amplifier  is  recom- 

mmimum  of  200  ns  overlap  with  the  clock  pulse  ei  to  mendable.  Fig.7  shows  this  type  of  signal  extraction 

start  the  scan  ft  is  not  always  necessary  to  Overlap  with  this  circuit,  the  charge-amplifier  is  reset  to  ground 

clock  pulses  each  other,  but  if  a  gap  of  more  than  too  ns  prior  to  address  each  photodiode  multiplex  switch. 

IS  presented,  scanning  will  disable  When  the  switch  is  closed,  signal  charge  flows  into 

An  open  collector  type  TTL  is  used  to  drive  the  PCD  capacitors  m  the  integration  circuit  The  output  wave 

shift  register  The  voltage  level  of  the  start  and  shift  form  is  a  box  car  shape. 


Figure  t:  Timing  dlegnm  (3-phaie  drivel  Figure  7;  Driving  end  emplllier  circuit 


Vc,  vsr-  a-^c  vs  a-e  ooeraiatiie  wun  me  same  svdO'v  -xi'iage 
TvO'ca  .a'ues 

CE  2-^^  »•  4T0  2 


RELATED  DEVICES 

•S2301,  $2304  S«ri««  PCD  Lin«ar  (mag«  Sansors 

Hamamatsu  provides  ot»^er  sensor  geomevtes  ^or  the  PCD  hnear  image  sensors-  The  $230’’  senes  has 
photodiodes  of  50  ^.m  «  2  5  mm  ana  the  S2304  senes  has  those  ot  25  »im  »  2  5  mm  Types  with  128  to  i024 
photodiodes  are  ava>iaDie 

•  Drivar/Amplifiar  Circuits  for  PCD  Linear  Imaga  Sensors 

ampiifie'  circuits  *c'  PCO  .mage  sensors  are  avai'abfe  These  ci'^Cu  ?s  need  onJy  a  star?  puise  master 
dock  pulse.  5V  and  t  t5V  power  supply  to  drive  the  PCD  image  sensor  The  v-deo  output  iS  a  voltage  output 
processed  by  a  charge-ampiifier  Pulse  generator  tor  these  Orwer  amDutier  circuits  and  data  processing  unit 
for  A-D  conversjon  are  also  available 


mamama^SU  ohCTQN'CS  •«  •v  So'  j  Star®  O'v  s  3^ 

-a^ai^aisu  C  N  jaca^  ■'e'et-'' ►ai  CSo^aS’-j*  ’■?€-  -od 

„  S  •»  “afTraf^atsu  CofOOTa'  o-  36C  coor*v-.ti  p  c  69T  N  ^  -OSSC*  09*C  ’’e  ec-.ore  2C’  23’-096C  "ai  20*  23’  'S39 

A  JiF'-ar-..  ‘-ar-'a'V'ar$.u  P^ictcrics  Ceut5cr'ia"c  A-^pr-e'^"  ’C  0-8C36  a*^  A-r-m-ers^  ■s’ec“0'>t  08*52  3'’5-0  08152  2658 

-*ar^a-a'5u  ^•‘c'c^ics  F'a-'-:®  49-5'  Oy®  de  a  .a--®  92 ' 2C  Mof-t-ouS®  554  'Se  =4*  :i46  55  36  /d 

jUL  87 

T  2000  PMntea  *n  Japan 
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APPENDIX  B 


HAMAMATSU  DRIVER  AMPLIFIER  TECHNICAL  DATA 


OPERATING  INSTRUCTIONS  FOR  EVALUATION  BOARD 


HAMAMATSU  PHOTONICS  K.K. 
SOLID  STATE  DIV. 

SD29-890717-005I201. 
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OPF.HATING  INSTRUCTIONS  FOR  EVALUATION  BOARD 


GENERAL 


This  is  low  noise  driver/amplifier  circuit  for  Hamamatsu  PCD  Image  Sensors 
(SZ300-512«,-512F). 

The  PCD  image  sensor  is  a  monolithic  self-scanning  photodiode  array.  Us  scanning 
circuit  is  constructed  by  Plasma-Coupled  Device(PCD). 

This  driveiVamplifier  circuit  provides  a  scanning  pulse  "Start"  and  a  three  phase 
clock  ■■  fli  1, 0  2,  ^  3"  to  drive  the  PCD  image  sensor,  and  includes  a  charge-amplifier  to 
output  the  video  signal  "Video  Data"  in  the  charge  integration  mode. 

FEATURES 

#Simple  operation;  a  start  pulse,  a  master  clock  pulse,  +5V  and  ±  15V  required. 

®  Low  noise  configuration. 

♦  Structure  allows  for  easy  cooling  and  optical  alignment. 


SPECIFICATIONS 

INPUTS  ;  Supply  voltage:  +  5  Vdc  at  I50mA 

+  15  Vdc  at  25mA 
-15  Vdc  at  25mA 

Start;  TTL  pulse,  positive  level  sensitive.  Minimum  duration  500  nsec. 

Used  to  initialize  the  circuit  and  initiate  the  shift  register  in  the 
PCD  image  sensor. 

Cl.K;  TTL  pulse,  rising  edge  sensitive.  Maximum  frequency  250  KHz. 

U  sed  to  syncronize  the  circuit  and  the  shift  register  in  the  PCD 
image  sensor. 

'■)'  Tr'  TS  ;  Trigg-i-:  I  S-TTL  compatible,  positive  pulse. 

a.lal- le  as  a  start  signal  for  S/H  and  A/D  conversion  (optional). 

fi-K  S;  •ompriiible,  negative  pulse. 

A',  Hiiatilc  imm^diatly  after  scanning  at  the  last  pixel  is  completed. 
Can  be  used  as  end  of  A/D  aquisition. 

iHer.  'Jondor:  Negative  voltage  output. 

This  (.iilput  IS  the  integrated  PCD  video  current  signal. 

:deo  Tata:  P(,sitive  voltage  output. 

;t  is  the  processed  signal  of  the  "Video  Monitor  '. 
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SETUP  PROCEDURE 


Setup  for  the  evaluation  system  is  shown  in  Figure  1. 

1)  Power  supply  connection 

Power,  as  specified  under  specifications,  must  be  supplied  to  the  driver/amplifier 
citcuit  inputs. 

2)  Pulse  generator  connection 

The  "Start"  pulse  and  the  "CLK"  pulse,  as  specified  under  specifications,  must  be 
supplied  to  the  di  iver/amplifier  circuit  inputs.  (C2335  "Hamamatsu  Pulse  Genera¬ 
tor"  avail, able  and  can  he  connected  to  the  two  liming  inputs  respectively.) 

The  integration  time  is  preset  by  the  "Start"  pulse  interval  while  the  readout  time 
of  each  pixel  is  preset  by  a  "CLK"  frequency. 

3)  Oscilloscope  connection 

The  "Start"  pulse  input  (from  C2325  or  other  clock)  is  connected  both  to  the  C2325 
board  and  to  the  EXT.  TRIG,  input  of  the  oscilloscope. 

The  "Video  Data"  signal  output  is  the  connected  to  the  input  of  the  oscilloscope. 

4)  S/H  and  A/D  converter  connection  (optional) 

The  "Trigger"  pulse  output  can  be  used  as  the  logic  input  of  S/H  and  A/D 
converter.  The  "Video  Data"  signal  output  is  then  connected  to  the  analog  input  of 
the  S/H. 


162 


The  driver/amplifier  circuit  assembly  is  shown  in  Figure  2. 

REMARK:  Use  an  oscilloscope  to  monitor  the  "Video  Monitor"  or  the  "Video  Data"  signal 
output  without  any  light  being  illuminated  on  the  photodiode  array. 

1)  Zero  level  adjustment  1: 

Adjust  VRZdOOK  Q  )  until  the  reset  level  comes  to  oscilloscope  ground  level. 

— •  • —  Reset  period 

■GND  Level 

before  adjustment 

GND  Level 

after  adjustment 


2)  Fluctuation  (caused  by  Power  supply)  cancellation  adjustment: 

Adjust  VR3(1K  Q  )  until  the  fluctuation  of  the  "Vedeo  Data"  signal  is  minimized. 

— H  Readout  period 


«  4  •'■'It  '*,  • 

...  .r  ! 

lCt*3 

lieforc  ad  justment 
r.Nl>  Level 

after  adjustment 
GND  Level 
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3)  Switching  noise  cancellation  adjustment: 

Adjust  VRKIOK  Q  )  until  the  amplitude  of  the  spike  noiae  is  minimized. 


before  adjustment 
GND  Level 

after  adjustment 
GNU  Level 


4)  Zero  level  adjustment  2: 


Adjust  VR4(10K  Q  )  until  the  clampling  level  comes  to  oscilloscope  ground  level. 


before  adjustmctit 
GNO  Level 


aftei  ad  iiistment 

(^ND  I  .eve  1 
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REMARKS 


If  the  evaluation  system  is  not  operated,  regularly  check  the  following  items: 

1)  Are  the  "Start"  pulse  and  the  "CLK"  pulse  supplied  to  the  driver/amplifier  circuit 
inputs  as  prescribed  under  specifications  ? 

2)  la  the  scanning  pulse  "Start"  supplied  to  the  PCD  image  sensor  ? 

3)  Is  the  high  level  of  the  three  phase  clock  (  ^  1,  ^  2,  ^  3)  according  to  "Figure  3 
Timing  Diagram"  ? 

4)  Is  the  "EOS"  pulse  obtained  from  the  pin  of  the  PCD  image  sensor  ? 
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-^.3.  2  (0.  126) 


start 


igure 


PCD 

Image  Sensor 
Driver 
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Appendix  1 

Pin  configurations  and 

package  outlines  of  PCD  Image  Sensor  are  shown  in  Figure  A-1 

S2300-512Q 

S2300-SI2F 

SMSITIVE  aKEA 

SEXSlTIVt  AfttA 

iMtOS  UltOS 

it !  S  y  1  y  1  9  S  id 

r uncHon* 


Video  Ovjtowt 

Two  Vo  a'e  connecied  inside  t'^e 

e.ef^eni 

Power  Supp  y  VQiiage  _ 

Ground  iOV) 

Start  Putse  input  .TTl  compat.O’e; 


C:ccv  Pu-se  Input  (TTL  compatiD'e) 


End  of  Scan 

Negative  C  MOS  compaiitite 
Ooiainapie  at  me  clock  rim<ng  just 
after  the  last  element  is  scanned 
No  Conneci'on 
This  Should  Grounded 


Parawiers 


'  Nu»oer  of  phoiodio'les  i 

•  Pitch  I  iinj  I 

t - ; - 1- 

4pertur?  i^a) 

.  ‘fu»v}«r  of  pins  i 


■  Windcv  lalerial 


i  Kei  veigM  1 


52300-5123  S2300-512F 


5;2 

50 

50  X  5G0D 
28 


Quart?.  ,  fiber  optic  piate 


5g  I  iJ  6g 


Figure  A-I  Pin  Configurations  and  Package  Outlines  of  PCD  Image  Sensor 
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S.  16 

as 

337 

S-  14 

>:a 

337 
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RESEARCH  SUPPORT  INSTRUMENTS,  INC. 

10610  BEAVER  DAM  ROAD.  COCKEYSVILUE.  MARYLAND  21030 

PHOi-IE  301-785-6250  FAX  301-785-1228 


Item  No.  0001 AL 


DUAL  TRACKING  LON  VOLTAGE  PONER  SUPPLY 


RSI  MODEL  441-193 


The  RSI  Model  441-193  la  a  dual  tracking  low  voltage  power 
aupply  which  operates  from  a  nominal  '»28VDC  Input.  The  outputs 
of  the  unit  are  complementary  {♦ISV  and  -15V)  voltages,  each 
capable  of  providing  400mA,  which  track  each  other  u-  Ter  various 
loads.  A  current  limited  output  monitor  Is  provldec  _n  parallel 
with  the  output  voltage. 

The  Input  Is  series  diode  protected  against  inadvertent 
reversal  of  the  Input  power  lines.  Voltages  other  than  15V  can 
be  supplied  upon  request.  Heat  sinking  of  the  case  Is 

recommended  for  full  power  operation. 

SPECIFICATIONS: 

Input  Voltage . 

Input  Current . 

Output  Voltage . 

Output  Ripple . 

Output  Spikes . 

Efficiency . 

Converter  Frequency.. 

Operating  Temperature 
Storage  Temperature.. 

Line  Regulation . 

Load  Regulation . 

MECHANICAL: 


Dimensions . 1.0  In.X  3.0  In.X  3.5  In. 

Weight . 212  grams 

Mounting . ....Four  (4)  size  six  clearance  holes 

Connector . Cannon  DAM-ISP 


OPTIONS ; 


♦24VDC  to  ♦34VDC 
70mA  (no  load) 
e40mA  (400mA  load) 
♦15VDC  9  400mA 
-15VDC  9  400mA 
Less  than  25mV 
Less  than  150mV 
60X  at  full  load 
Nominal  lO.SKHz 
-20  C  to  *70  C 
-40  C  to  *85  C 
0.02X/V  (no  load) 
O.OIX/V  (400mA  load) 


Voltages  other  than  15V  upon  request. 
Potting  or  conformal  coating  upon  request. 
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S  I  iram'fc  t~ um  AiTf-fc  9k 

T MFS-fc  n M  pjcar^-fc 

• — ow  V</ o  1 -t:  A  g  »  P>^w«k»~  ScAp>pl^ 
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Model 


200057 


+5v 
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.‘Imcp  voltage*  control 
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cath 

mep 

anode 


o  Groundc-j  Ariode  Gk^o  II  outputs 

o  Adiur.t at'le  cathode,  mep-in,  mep-out,  an-j  aEC  Jevel 
o  Ext  MCP  voltaqe  control 

o  Ext  resistor  select  -  ABC  max  limit  fcir  'iesired  tut>e  dia 


cathode  voltage 

tnln  adjustable  range 

100  to  240 

vdc 

cathode  series  resistance 

1 

Gohm 

mep-in  voltage 

voltage  controllable 

to  2k V  max 

vdc 

max  load  current 

20 

UA 

mi:p-out  voltage 

adjustat'le 

3000  to  r'500 

vdc 

brightness  current  limit 

.05  to  5 

uA 

anode  output 

ground  i eturn  potential 

0 

vdc 

temperature 

operat iona 1 

-  55  to  +  70 

c 

mechanical 

4-40  inserts  bottom  surface  corners 

1«»007'9 
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PS  200057  Test  Data  Sheet 


Test  Data  at  Delivery  S/N  ;  _  Date  :  Bv  :  _ 


Parameter 

Data 

Units 

1.  Cathode  voltage 

4  no  load 

-  VDC 

Cathode  voltage 

9  IM 

_ ii‘_C _ 

-  VDC 

2.  Mcp-in  voltage  ' 

a  300M  9  Cv= 

lOv 

_ L7P-Q-. 

-  VDC 

ev 

_ L/!20___ 

-  VDC 

6v 

_ _ 

-  VDC 

4v 

_poo 

-  VDC 

2v 

2  7^ 

-  VDC 

3.  Mcp-out  voltage 

a  no  load 

—ZS'JIQ— 

-  VDC 

a  1  uA  load 

-  VDC 

4.  Rabc  set  value 

megohm 

ABC  adj  pot  set 

for  I-limit 

of 

_ 

!.  D 

UA 

5.  Input  current  9 

+5vdc  a  ss 

_ yj. _ 

fflADC 

6.  Burn-in 

hrs 

7.  Mechanical  and 

visual 

_  _  _ 

check 

90126 
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Operation  and  Instructions 
PS  200057  grounded  anooe  standard  GEN  II 

1.0  General 

The  model  200057  power  supply  is  a  small  DC  to  DC  converter  which 
converts  +5  vdc  to  multiple  HV  dc  outputs  for  use  by  a  Gen  II  image 
intensifier  tube.  The  outputs  are  line  regulated,  and  each  is 
independently  adjustable.  The  power  supply  circuitry  is  fully 
potted  in  an  RTV  encapsulant  due  to  the  high  internal  voltages 
generated,  and  due  to  the  small  size  of  the  power  supply. 


Manufacturer 


G8S  Micro  Power  Supply 
6155  Calle  Del  Conejo 
San  Jose,  California  95120 
408-997-6720 


2.0  Power  Supply  Inputs 

The  following  inputs  are  available  and  marked  on  the  power  supply. 


Input  voltage  terminal 

Input  voltage  return  terminal  (gnd) 

Voltage  control  terminal 

Cathode  output  adj  pot 

MCP-IN  output  adj  pot 

MCP-OUT  output  adj  pot 

ABC  limit  fine  adjust  pot 

Rsel  resistor  for  gross  ABC  limit  adj 


+5  +-.5  vdc 
O  to  +10  vdc 


3.0  Output  Connections 


There  are  4  output  leads  for  connection  to  the  image  intensifier 


1.  Cathode  output 


2.  MCP-IN  output 


3.  MCP-OUr  output 


4.  Screen  output 


typically  -175  vdc  with  respect  to 

the  MCP-IN  output  lead 

typically  -1500  vdc  with  respect  to 

the  MCP-OUT  output  lead 

typically  -tOUO  vijc  with  t  espi’i:  t  to 

the  screen  output  lead 

Gnd,  and  tied  to  the  r-5  return 

internally  in  the  power  supply. 


4.0  Voltage  Control 

The  MCP  voltage  applied  to  the  intensifier,  is  provided  t>y  the 
MCP-IN  and  MCP-OUr  outputs,  which  is  termed  ttie  MCP  voltage. 

This  voltage  can  t'e  remcrtely  varied  from  .approximately  -40tj  vdc, 

(  the  osciil..vtor  drop  out  level  ),  to  -2000  vdc,  by  varying  the 
voltage  .applied  to  the  vcrlt.agr?  control  terminal  from  0  to  +10  vdc, 
The  +10  vdc  results  in  -2000  vdc  MCP  volt.-ige.  An  i;iperi  .;it  the 
voltage  control  terminal  resijlts  in  a  O  vdc  NCP  vcrJt.:ige. 
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The  -2000  vdc  MOP  voltage  when  the  control  voltage  is  at  +10  vdc , 
can  be  lowered  to  near  -400  vdc  by  adjusting  the  MCP-IN  adjust 
pot  counter  clockwise.  CW  increases  MCP  voltage  toward  -2000. 

CCW  reduces  MCP  voltage  toward  0  vdc. 

S.O  Cathode  Output 

The  cathode  output  is  adjustable  via  a  trim  pot.  CW  increases 
the  output  to  -250  vdc.  CCW  reduces  the  output  to  -100  vdc. 

A  cathode  current  limiting  resistor  (  l  Gigohm  )  is  internal  in 
the  power  supply,  and  will  drop  the  cathode  voltage  as  excess 
tube  cathode  current  is  developed  in  high  illumination  conditions. 
When  the  cathode  current,  under  these  high  current  conditions, 
falls  to  approximately  -3  vdc  with  respect  to  the  MCP  voltage, 
a  diode  in  the  power  supply,  shunts  the  1  Gigohm  limit  resistor, 
with  a  22  Megohm  resistor,  thereby  extending  the  cathode  current 
availabe.  before  eventual  tube  cutoff. 

The  cathode  output  is  typically  -175  vdc  with  respect  to  the 
MCP-IN  output,  but  it  is  stacked  on  the  other  power  supply  outputs, 
so  that  with  respect  to  ground,  the  potential  on  the  cathode  lead 
is  approximately  -9000  vdc.  This  high  voltage  is  usually  a  source 
of  trouble  when  operating  the  power  supply,  as  leakage  to  gnd  may 
often  readily  develop.  This  leakage  will  be  treated  by  the  power 
supply  as  ABC  current,  which  is  an  instruction  to  the  power  supply 
to  lower,  or  shut  off  the  MCP-IN  voltage.  Caution  is  recommended 
in  the  testing  of  the  power  supply,  and  in  the  tube  connections. 

6.0  MCP-out  Voltage 

The  MCP-out  is  the  votage  provided  for  the  intensifier  screen, 
and  is  -oGOO  vdc  typically.  This  output  is  connected  to  the  MCP-OUT 
intensifier  lead.  CW  adjustment  of  the  trim  pot  increases  this 
voltage  to  -6500  vdc.  CCW  decreases  the  voltage  to  -3000  vdc. 

This  high  voltage  is  developed  in  the  power  supply  by  a  stack  of 
voltage  doubler  circuits.  This  multiplier  circuit  is  resistor 
returned  to  gnd,  so  that  any  tube  screen  current  flciwing  at  any 
time,  must  pass  through  the  resistor,  a  voltage  is  developed  across 
the  resistor,  and  is  pr  opor  t  i  cm.'t  I  to  the  tube  -  i  i  cen  ri.itri’nt. 

The  volt.rge  'ioveloped.  is  i:  omp.tr  c>d  to  .;in  ABC  limit  setting,  .:tnd 
will  shut  duwri  the  MCP  voltage  to  the  tut>e,  if  ttie  thtestiold  level 
is  reache'd. 

7.0  ABC 

The  R-select  resistor  (  e>: ter  ri..tl ly  .available  .as  hsel  ),  is  used  to 
sense  the  tutie  screen  irurrent  .ts  descrit’ed  in  F>.;tr  .agr  aph  o.O. 

The  power  sijpply  comparator'  for  ABC,  h.is  .m  I  tir  e-.tiold  level  of  1  vdc 
.anij  will  shut  down  the  Mi;;p  volt.i'ji?  when  the  Rsol  volt.age  re.aches 
this  1  vdc  threshold.  The  chciice  rtf  r  esi  starn:  e  tor  F<sol,  then  can 
determine  .at  wh.:it  tube  current,  shutdown  is  desir'e>d.  lypic.illy, 
Rsel  is  cfrosen  as  1  Megohm,  so  ttiat  it  .tllows  .ample  rurrent  for 
normal  tutie  use,  but  limits  screen  current  to  a  maximum  of  I  uA. 
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The  ABC  trim  pot  allows  fine  resolution  of  the  threshold  voltage 
used  by  the  shutdown  comparator.  CW  increases  the  threshold  to 
1.0  vdc .  CCW  decreases  the  threshold  voltage  to  0  vdc.  In  this 
manner,  the  ABC  pot  can  be  used  to  fine  tune  the  limit  current 
circuitry  for  use  as  an  automatic  brightness  control  feature, 

(  ABC  ) . 

The  power  supply  has  a  22  Megohm  internal  resistor  in  parrallel 
with  the  external  Rsel . 

At  delivery,  Rsel  is  set  to  1  Megohm,  and  the  ABC  pot  is  adjusted 
for  so  that  1  uA  of  screen  current  reduces  the  MCP  voltage  SOX. 

0.0  Mechanical,  Leads 

The  power  supply  chassis  is  glass  epoxy  with  TRV  potting  internal. 
There  are  4  Mounting  inserts  on  the  base  of  the  power  supply, 

4-40  inserts. 

The  output  leads  are  silicone  coated  teflon  insulated  stranded 
wires,  reated  for  ISkv. 

9.0  Processing,  Burn-in 

Standard  processing  prior  to  delivery  includes  24  h*'S  of  operation 
unpotted,  at  23C,  at  nominal  output  voltage  levels,  followed  by 
40  hrs  of  operation  at  23C,  at  typical  output  voltage  levels, 
followed  by  a  final  electrical  performance  test  at  23C. 

Other  tests  and  burn-in  environments  may  be  conducted  as  specified 
by  the  customer  purchase  order. 

10.0  Test  Circuitry 

Elec toi  stat ic  voltmeters  or  equivalent  Sigh  input  impedance 
(  >  300  laigohm  )  divider  probes  ate  recommen<Jed  when  ctiecking 
output  voltage  levels. 

A  dc  voltage  applied  to  Rsel  can  be  i.ised  to  simulate  tube  screen 
current  for  MCP  shutdown  verification.  This  volta'.te  should  not 
exceed  5  vdc,  the  input  supply  voltage. 
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APPENDIX  D 


ANALOG  TO  DIGITAL  CONVERTER  TECHNICAL  DATA 

(HAS1202A  MB) 


ANALOG  Ultrafast  Hybrid 

DEVICES  Analog-to-Digital  Converters 

HAS-1202/HAS-1202A 


FEATURES 

Convataion  Tima  of  1.S6|ia  (HAS-1202A) 
12-Blt  RaaoHitien 
Convanion  Rataa  to  MIkHa 
Adiuatinairt-Fraa  Oparstlon 

APFUCATIONS 
Wavaform  Analyala 
Faat  Fourlar  Tranaforma 
Radar  Syatama 


HA$-12e2  FimCnONAL  BLOCK  DUCKAM 


GENERAL  DESCRIPTION 

The  HAS- i  202  and  unproved  HAS-1202A  A/D  converters  ire 
thicfc-filin  hybrid  12-bit  converters  housed  in  32-pin  ceramic  or 
metal  DIP  packages.  They  can  be  used  with  high-performance 
tracfc-and-hold  (TTl)  amplifiers  to  solve  high-speed,  high-reso¬ 
lution  digitizing  problems  economically  and  feature  conversion 
times  of  2.g6>is  (HAS-1202)  and  I.S6»u  (HAS-I202A). 

These  converters  and  the  Analog  Devices  Model  HTC-0300A 
T  H  offer  designen  an  opportunity  to  go  from  analog  to  digital 
with  savings  in  power,  board  space,  design  time,  and  component 
costs. 

They  are  ideally  suited  for  applications  which  require  eacellent 
performance  with  a  minimum  of  adjustments.  Included  in  these 


potential  uses  are  radar  systems,  PCM,  data  acquisition  systems, 
and  digital  signal  processing  (DSP)  systems  of  various  kinds. 

The  HAS-1202  and  HAS-I202A  are  rated  over  an  operating 
temperature  range  of  0  tc  +  70°C  and  are  packaged  in  32-pin 
DIP  ceramic  housings.  The  HAS-I202M  and  HAS-I202AM  are 
rated  over  a  range  of  -  55°C  to  8S°C  and  are  packaged  in 
metal  cases.  For  metal  case  uniu  with  an  operating  range  of 
-  55X  to  *•  100°C  and  military  screening,  order  part  numbers 
HAS-I202MB  or  HAS-I202AMB.  Their  performance  character¬ 
istics  are  identical  except  for  differences  in  conversion  rates;  the 
HAS-1202  is  specified  for  a  maximum  rate  of  349kHz,  while  the 
HAS-1202A  IS  capable  of  operating  up  to  641kHz. 


181 


(tniical(g 


HAS-12«2A 

KAS-IM2 

MAXIMUM  RATINGS 

FMiuvc  Supply  ( Fu> 

16VDC 

• 

Ncfauvr  Supply ;  Pin  21 ) 

-  I6VDC 

• 

Lofx  Supply  (Puu  2 . 27 , 3  U 

-TV  DC 

• 

AbiIoo  Input  tPui  26 ' 

20V 

• 

Lope  Input 

♦  TV 

• 

(Encode  Coountnd  (u.  Pin  32) 

Tcmpencurt 

Open  ting  (Cote' 

-55'Cto  -lotrc 

* 

Storete 

-55X:io*I25*C 

• 

Pvnmetor 

Units 

HAS-1202A 

HAS-1202 

RESOLUTION  ;FS  -  Full  Scale  ’ 

Bits  SFS 

12  0  025) 

• 

LEAST  SIGNIFICANT  BIT ,  LSB  WEIGHT 

mV 

2.5 

• 

ACCURACY 

Moootoojcity 

Guaranteed 

• 

Intefrai  Nonitoeantv 

LSB 

2  12 

• 

Differenual  Nonlincantv 

LSB 

2  1  2 

• 

NooUncanrvvs  Temperature 

ppin.*C 

3  5 

• 

(join  Error 

SFS.  mu 

0  08  0  18  < 

• 

Goto  v«-  Tempenturc 

ppou-C 

60 

» 

Goio  v«.  Power  Supply  Chanfes 

ppotmV 

2,2 

• 

DYNAMIC  CHARACTERISTICS 

Cooversioo  Rate 

kHs,  tnaa 

641 

349 

Coovertioo  TiaK* 

lid. 

1  56 

2.86 

vs.  Tcmpennirc 

s-c 

008 

• 

ANALOG  INPLT 

ValufcRiflfes 

Bipolar 

V 

25  12 

UnipoUr 

V 

O.a-,10  24 

• 

Overvoltage 

V.oiai 

20 

• 

Impedance 

n.mu 

1.000(2  20^ 

• 

Initial 

mV,  mu 

7>3li 

• 

vs.  Tcmpeniure 

Unipolar  Input 

ppohX 

• 

Bipolar  Input 

ppmX 

35 

• 

E.NCOOE  COMMAND  INPLT’ 

Logx  Levels.  TTL-Compaublc 

V 

”0"  -Oto  *0  4 

• 

"U*-  *2Aao*5 

• 

Impedance 

TTL  Loads 

P'S"and  r‘LS" 

• 

Rise  aod  Fail  Tunes 

os.  tvi** 

10 

• 

Width 

Min 

os 

50 

• 

Frequency 

kHz 

dc  I0  64) 

dcfo349 

DIGITAL  OLTPLT 

Formal 

Dets  Bits 

12  Parallel.  NRZ 

Dau  Ready 

1;RZ 

• 

LogK  Levels.  TTL-Compauble 

V 

•'0”w0tO  *0  4 

• 

“I”*  *2  4to  *5 

• 

Dnve 

TTLLomIs 

5  Standard 

• 

Coding 

BinarviBIN' 

Offaet  Bin  (OBN 

POWER  REQUIREMENTS 

♦  15V  rO  5V 

mA  '.mu. 

48(60) 

• 

-  15V  20  5V 

mA  ;inu 

30(46) 

• 

*5V  2  0  25V 

mA  .mu 

150(232) 

• 

Power  Dissipaijor 

W.mu 

1  9  .2  "5 

• 

TEMPERATURE  RANGE' 

Openung 

•c 

0  to  *  70 

• 

NOTE  For openoof  rmnfe of  >  29*C lo  ■*' 89*C, tpecifv HAS>W02Mor  HAS*I2(I2AM, 


for opmuof  rtage  of  -  5)X(o  IOO*Ctndmiburvtcr«nung,fp«cify 
HAS-  ]  202MB  or  HAS- 1202 AMB 


THERMAL  RESISTANCE* 

Junction  (0  Au.  6ja 
(Free  Air 

junebon  toCasc.Ofc 

•cw 

•cw 

38 

18 

• 

PACKAGE  OPTION* 

M-32 

HAS- 1202 A 

f*'.S-l202 

For«ppUc«tx»AiissJ9unct.caUCocDputer  Labi  Divuioti  a  919)661-9511 


NOTES 

*SpKir»cjtiofu  UOM  «*  HAS-I202A 

MnMrMjfOfr  edge  of  Eacede  OMBound  lo  irsiJini  edfr  of 

Dtu  Rodv  With  SOnt  encode  pulac  Conveniofi  tunc  incteMCi  cquAilv  »i(h 
tncrcujnf  width  oi  Ewodc  Conunond 
'EiientJiy  adiueubk  ro  aero 

^TraAiiUon  Iron  dipiiaJ  “O"  to  digital  "I"  laiuaia  g«wo<iiw| 

*Cmt  icmpmiurc  MeuI  caae  HAS-I202M  HAS-  1202AM  have  o|>rniiuig 

raagnol  •  25^  to  >  l?‘C.  HA5-I202M6  HA$-I202AMB  have  opmtiat 

nagn  o<  -  55^  to  *  iOOT  and  niiiiary  Krtmag 
'Maxiaun  iumiba  MApmeure-  IHTC 
*S«c  Sactn  14  te  r*^*f'  OMihM  lafamatiofl 
Spccificatiom  lubicci  to  chanfc  without  nonce 


HAS-1202/HAS-1202A  PIN  DESIGNATIONS 

(As  viewed  from  bortom) 


ica 

FUNCTION 

fT?l' 

FUNCTION  1 

12 

ENCODE  COMMANO 

11 

♦  8V 

4-fV 

M 

DIOrrAL  GROUND 

■V 

■  'ill  IM 

» 

MPOtAR  OFFSET 

Bfl 

♦  IfV 

-1SV 

STTIIMSS) 

27 

■fIV 

B^l 

■fr2 

M 

ANALOG  MFUT 

B^l 

tITJ 

n 

COMPARATOR  MFUT 

B^l 

■fT4 

M 

ANALOGGROUND 

B^l 

•ITf 

21 

ANALOG  GROUND 

Id 

BITf 

22 

O/AMPUT 

11 

•fT7 

21 

»A  OUTPUT 

12 

SfTf 

10 

ANALOGGROUND 

11 

•ITf 

ES 

ANALOGGROUND 

14 

•mo 

Itl 

ANALOGGROUND 

If 

•mi 

M 

> 

1 

If 

•m2 

NOTE 

AiMlef  Ormd  (Mm  17-2B;  Zt;  Ml  «id 
MfHal  Qrownd  (Mm  1  md  301  Ara  tectrtcMlV 
IwdipmdmtoJtmfcOttwr  CawMCt  Tefthor 
timimOyndiol  w  OwpedemsQrouwdMafw 
M  Clam  to  Dmdw  «  FamMM. 
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HAS-1202/HAS-1202A 


ENCODE 

COMMAND 


8^ 


MAX  IHAS-1202A) 

-  2  Mti*.  MAX  (HAS-12021  - 

(BASED  ON  son*  ENCODE  COMMAND  WIDTH) 


12Snt.  MAX  (HAS-1202A) 
233n>.  MAX  IHAS-1202) 

.  MAX  (HAS-1202AI  . 

2.76|>|,  MAX  <HAS-1202) 


Figure  1.  HAS- 1202  1202A  Timing  Diagram 


HAS-1202  TIMING 

Refer  to  Figure  1,  HAS-1202/I202A  Tinung  Diagrxm. 

The  TTL-compaiible  Encode  Command  pulse  (applied  to  Pin 
32)  has  a  minimum  mdth  of  50  nanoseconds.  As  the  width  of 
the  Encode  Command  is  increased  from  this  minimum,  the 
width  of  the  Dau  Ready  pulse  (and  the  conversion  time)  is 
increased  by  an  equal  amount.  For  the  HAS-t202,  masimiim 
encode  frequency  is  349kH2;  for  the  HAS-1202A,  maximum 
encode  rate  is  64IkHz. 

Wh.'n  the  leading  edge  of  the  encode  signal  arrives,  dau  outpuu 
resulting  from  the  preceding  encode  command  will  be  at  their 
previous  values;  the  Dau  Ready  pulse,  being  RZ,  will  be  at  a 
digital  “0”  logic  level. 

The  Data  Ready  pulse  will  typically  transition  from  digital  “0” 
to  digital  "  1 "  60  nanoseconds  after  the  leading  (posiuve-going; 
edge  of  the  Encode  Command.  It  will  remain  at  logic  "I”  until 
all  data  outputs  have  esublished  levels  indicative  of  the  mpui 
analog  value  which  is  present  during  the  conversion  period. 

As  expected,  and  as  shown  in  Figure  I,  the  length  of  the 
Data  keady  pulse  and  the  corresponding  availability  of  digital 
output  data  are  different  for  the  two  models  of  HAS-1202  con¬ 
verters  because  of  their  differences  m  speed  capabilities. 

CALIBRATION  PROCEDURE 

Input  connections  for  the  HAS-1202  and  HAS-1202A  A'D  Con¬ 
verters  are  shown  in  Figure  2. 

The  values  for  resistors  R^,  Rl.  and  R2  in  the  Gain  Adjust 
portion  of  Figure  2  are  a  funcuon  of  the  desired  analog  mput 
range. 

For  full-scale  inputs  2  10.4%  volts: 

RI=,FS  p-p  '  97  56; -  1050 
R2  >  Not  used 
Ra  =  loon 


For  full-scale  inputs  <10.4%  volts: 

Ri-on 

[(FSp-px 97.66) -165  ] 
[  1025 -(FSp-px  97.66)  J 


The  dotted  lines  between  Pina  21  and  29  and  ground  in  Figure 
2  are  used  to  show  differences  in  conneciioos  for  unipolar  and 
bipolar  modes.  For  unipolar,  ground  Pin  29;  for  bipolar,  connect 
Pins  21,  22,  and  29  together  without  grounding. 

Rfhen  calibratinf  for  either  unipolat  or  bipolar  operatioo,  in 
encode  command  at  a  frequency  of  200ltHz  should  be  applied  to 
Pin  32.  Zero  Adjust  must  always  be  adjusted  before  Gain  Adjust, 
no  matter  which  mode  of  operation  is  being  calibrated. 

Connect  a  precision  voltage  reference  source  between  the  analog 
input  and  ground 

If  the  convener  is  to  be  operated  in  a  unipolar  mode,  adjust  the 
output  of  the  voltage  reference  to  the  desired  full-scale  positive 
input  voltage,  as  described  in  Table  I.  After  adjusting  the  Zero 
Adjust  control  per  the  directions  in  Table  1,  reset  the  reference 
and  calibrate  Gam  Adiusi. 

I - 1  ,,  I  MAS-1202. 120ZA 

Q.  ^  wv  m  (ra)  ANALOG  INTUT 


4»J  COMPARATOa  INPUT 


WV  g  ■  ^  O  A  OUTPUT 
l-^O'A  INPUT 

6  CT  aiPOLAP  OPPSFT 


•NOT  USED  FOa  INPUTS  '10AMV 


Figure  2.  Cam  and  Offset  Adjust 
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UNIPOLAK  INPUT  CAUBRATION 
(Fee  hyt  Rjagt  tV  w  ■>•  Fri^Sc^k) 


Apply 

And 

For 

lafcww 

AdNti 

“Dither”  Betwaea 

+  FSx(l.22x  l0-‘) 

Zero 

0  000  000  000  ^ 

0  000  000  001 

-t-FSx  (0.99963) 

Gaia 

1  111  III  no  _ 

1  111  111  111 

Tabi0l. 

If  dw  cooftner  i*  lo  be  opented  in  i  bipoUr  nade,  refer  to 
Table  U. 


■IPOLAB  INPUT  CAUBKATION 
(FoeAmalotlipwPangt  -  FSto  -t-FS) 


Ap9«y 

ftsinoooo 

And 

AdM 

Foe 

“INlhar”BatwMa 

-FSx  (0.99976) 

Zero 

0  000  000  000  ^ 

0  000  000  001 

+  FSx  (0.99927) 

Gam 

I  111  111  110  ^ 

1  111  111  111 

TjAM//. 

Note  that  Zero  Adiuit  it  aet  uaia«  the  negaiiee  input  vatape  for 
bipolar  openbon,  while  Gain  Adittai  ia  calibrated  arith  the  poaitive 
bipolar  input. 

USING  HAS-1M2  WITH  TBACK/HOLD 
Fifure  3  and  Figure  4  iUuatnte  poaaible  combinaiiana  of  the 
HAS- 1202  or  HAS-1202A  A/D  Canacner  with  the  HT00300A 
Trtck-and-Hold  tmpiiGer. 

At  thown,  the  upper  word  raw  of  the  combinatioo  will  be  a 
(unction  of  wb<cfa  oooverter  ia  uaed.  When  ooenparing  the 
mramnm  «ard  tatca  thown  in  the  Spedficatioaa  Table  and  the 
onca  thown  in  the  illuttrabont,  there  teeat  to  be  a  diapatity  in 
encode  raw  capabilitica. 

The  arord  lawa  thoam  in  Figurea  3  and  4,  howeacr,  are  corma 
and  are  baaed  on  “real-life”  dreuitt  utiiig  a  T/H.  The  T/H 
needt  tufBaent  time  to  acquire  and/or  aettle  to  12-bit  aocuiacy. 
Thia  inwrral  it  longer  than  the  conaertion  tune  of  the  HAS-1202, 
and  the  reauit  it  a  lower  word  raw  for  the  oombinatiao  than  that 
which  it  poaaible  with  only  the  oonTerter. 

Now  in  Figure  3  that  the  encode  pulae  ia  applied,  via  an  OR 
pw.  to  the  ENCODE  COMMAND 

In  Figure  4,  it  it  applied  direetty  to  the  ENCODE  COMMAND 
input. 

Circuit  layout  it  extremely  critical  in  oaing  a  high-apeed  conaerter 
and  T/H  tn  .rmmpli^  rfigiriTing  nf  malng  aigMU;  rtiM  k  fepwMily 
true  with  12-bit  tyatema  of  the  type  thown  here. 

In  thia  context,  “circuit  layout”  enoompaatet  all  of  the  important 
itema  which  need  to  be  oonaidered.  Thia  udadea,  but  it  not 
limited  to,  precautioot  tuch  at  eatabliahing  low-impedance 
gtounda;  careful  routing  of  analog  and  digital  aignal  patht  to 
aaoid  interference;  and  keeping  all  ngnal  patha  at  thott  at  pota- 
iMe.  Bypatting  of  all  power  tuppliet  it  mudatoty  for  beat 
performance. 


MoatL 

eCOM  MAM  NBTHRHM  1 

OgCOMMiO  (MAS  . 

ML*  li«RA 

mm 

IRIWW 

Figure  3  12-8itA'D  Conversion  System 


Figu-  y  i.  12-Bit  A  D  Conversion  System 


For  optimum  performance  in  noiay  enTiraomenia,  2k  pulldown 
retittora  thould  be  connected  to  Bita  I  through  4 

ORDERING  INFORMATION 

With  the  exceptioo  of  conaeraxm  ratet,  the  tpedScatiooa  arc  the 
tame  for  the  HAS-1202  and  HAS-1202A  AT>  Conaerteta;  both 
unite  ate  houaed  in  32-pin  DIP  ceramic  packagea.  For  metal 
caae  aermont  with  extended  temperature  langea  of  -  2S*C  to 
■f.tS*C,  order  model  number  HAS-1202M  or  HAS-1202AM. 

For  metal  caae  aeraiana  with  extended  temperature  rtnget  of 
-  SS’C  to  lOOX  and  military  acreening,  order  model  number 
HAS-I202MB  or  HAS-I202AMB.  Conault  factory  for  dewila. 
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APPENDIX  E 


DIGITAL  TO  ANALOG  CONVERTER  TECHINCAL  DATA 


(AD667SD) 


□  ANALOG 
DEVICES 


Microprocessor-Compatible 
12-Bit  D/A  Converter 


FCATUnCS 

CompM*  12-Blt  D/A  Funetioii 
L«tch 

On  Chip  Output  AmpHftor 

High  StaMHty  Burind  Znnnr  flnfamne* 

Singto  CMp  Contfuction 
Monotontetty  Quarantand  Ovar  Tamparatura 
Unaartty  Ouarantaad  Ovar  Tamparatura:  max 

SattHng  Tim#;  3|a4  max  to  0.01% 

Guarantaad  for  Oparatton  with  x  12V  or  ±  1SV 
SuppMat 

Low  Bowar:  300mW  Including  Rafaranea 
TTUBV  CMOS  Compadbla  Logie  Inputi 
Low  Logic  Input  Currants 


MM7  FUNCTIONAL  BLOCK  DUGRAM 


PRODUCT  DESCRIPTION 

The  .^D667  is  a  co  lete  voltage  output  !2-bit  digital-to-analog 
convener  including  a  high  subility  buried  Zener  voltage  reference 
and  double-buffered  input  latch  on  a  single  chip  The  convener 
uses  12  precision  high  speed  bipolar  ^.^rrent  steenng  switches 
and  a  laser  trimmed  thin  film  resistor  network  to  provide  fast 
settling  time  and  high  accuracy. 

Microprocessor  compatibiUt  is  achieved  by  the  on-chip  double- 
buffered  latch.  The  design  of  the  input  latch  allows  direct  interface 
to  -i-.  8-,  12'.  or  16-bii  buses.  The  12  bus  of  data  fr'^m  he  first 
rank  of  latches  can  ihm  oc  transfem  J  to  the  second  ramc, 
avoiding  generation  of  spurious  analog  output  values  The  latch 
responds  to  strobe  pulses  as  shon  as  100ns,  allowing  use  with 
the  fastest  available  microprocessors 

The  functional  completeness  and  high  performance  in  the  AD667 
results  from  a  combination  of  advanced  switch  design,  high 
speed  bipolar  manufacturing  process,  and  the  proven  laser  wafer- 
trimming  LWT  technology  The  .AD66‘’  is  trimmed  at  the 
wafer  level  and  is  specified  to  r  1  4LSB  maximum  linearitv 
error  K,  B  grades  at  25  C  and  ^  1  2LSB  over  the  full  operating 
temperature  range 

The  subsurface  bune  ^  /.encr  diode  on  the  chip  provides  a 
tow-noise  voltage  reference  which  has  long-term  stabilitv  and 
temperature  drill  characteristics  comparable  to  the  best  discrete 
reference  diodes  The  laser  inmmmg  process  which  provides  the 
excellent  tmeantv.  is  a'  used  to  trim  the  absolute  value  of  the 
reference  as  well  as  its  temperature  coefficient  The  .AD667  is 
thus  w-cll  suited  tor  wide  temperature  range  performance  with 
t  1  2LSB  maximum  linearity  error  and  guaranteed  monoionicitv 
over  the  full  temperature  range  Tvpical  full  seal*  gain  T  C  is 
'ppm  C 

'Covered  tiv  faieni  Numbers  t.M3.5«0.  3.890.411.  3.93:.M3  3  9^8.473, 

4.020,484.  and  others  pending 


The  AD667  is  available  in  five  performance  grades.  The  AD667J 
and  K  are  specified  for  use  over  the  0  to  *  70*C  temperature 
range  and  are  available  m  a  28-pin  molded  plastic  DIP  or 
PLCC  P'  package.  The  AD667S  grade  is  specified  for  the 
-  55*C  to  *  125’C  range  and  is  available  in  the  ceramic  DIP 

D)  or  LCC  vE)  package.  The  AD667A  and  B  are  specified  for 
.se  over  the  -  25’C  to  ♦  85’C  temperature  range  and  arc  available 
in  either  a  28-pin  hermetically  sealed  ceramic  DIP  ;D)  or  LCC 

E)  package 

PRODUCT  HIGHLIGHTS 

1.  The  AD667  is  a  complete  voltage  output  DAC  with  voltage 
reference  and  digital  latches  on  a  single  IC  chip 

2.  The  double-buffered  latch  structure  permits  direct  interface 
to  4-.  8-.  12-,  or  16-bii  data  buses.  All  logic  inputs  arc  TTL 
or  5  volt  CMOS  compatible 

T  The  internal  buried  Zener  reference  is  laser-trtmmed  tc  10.00 
volts  with  a  z  1%  maximum  error  The  reference  voltage  is 
also  available  lor  external  application 

4  The  gam  setting  and  bipolar  offset  resistors  arc  matched  to 
(he  internal  ladder  network  to  guarantee  a  low  gain  temperature 
coefficient  and  are  laser-trimmed  for  minimum  full  scale  and 
bipolar  offset  errors. 

5  The  precision  high  speed  current  steering  switch  and  on-board 
high  speed  output  amplifier  settle  wuhin  1  2LSB  for  a  lOV 
full  scale  transition  in  2  Ofis  when  properly  compensated 
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SPECIFICATIONS  (?.»•«■  ZSt.  ±12V.  ±I9V 


mM 


MnM 

ADM7J 

AlMbTK 

Mia  Typ  Mm 

Ma  Ttp  Mu 

Uaka 

DlGnKLXSTXm 

Rcaoluuoo 

12 

12 

Bid 

Ln^  L«vda  (TTL  Cooipaubk,  T _ T 

Vn,(Lofic'r') 

+  2.«  ♦S.S 

♦  2J  *^5  5 

V 

Vij,  Cl.nfk  “0”) 

0  *$.$ 

0  ‘^•.9 

V 

tmrVm-S.SV) 

3  t« 

3  19 

I.A 

lii(V|L-0IVl 

1  S 

1  5 

TRANSFER  CHARACTERISTICS 

ACCURACY 

Lmcnnty  Error  Z5*C 

=  1/4  *  1/2 

=  11  ±!/4 

LSB 

Ta»T^  10 

=  U2  ±3/4 

=  14  ±  t/2 

LSB 

Diiferenual  Liacahty  Error  td  *2yC 

=  12  ±3/4 

=  1/4  ±1/2 

LSB 

T.  =  T„roT_ 

MoaoaoaieiCT  Gaaraaieed 

Moaoaeaaciry  Gnaataed 

LSB 

Gain  Enor^ 

=  0  1  ±«.2 

=  0  1  ±9.2 

%otFSR' 

Unipolar  Off:ie(  Error' 

=  I  ±2 

=  I  ±2 

LSB 

Bipolar  Zero' 

=  005  ±0.1 

=  0  05  ±9.1 

%<dPSR 

DRIFT 

DifTerenual  Linranty 

=  2 

=  2 

ppoofFSR.*C 

Gam  V Full  Scale  T A  =  2?*C(oT^orT,Ma 

=  5  ±)0 

=  5  ±15 

ppmofFSR^ 

Unipolar  OffaciT A  -  2S‘C  to  T _ or  T _ 

=  1  ±3 

±3 

ppmofFSRTC 

Bipolar  Zero  Ta  *  2S*C  to  or  T^i 

=  5  ±t0 

±10 

ppmofFSRnc 

CONV-ERSION  SPEED 

SetUmiTimeto  r  O.OlSofFSR  for 

FSRQaaafc  ;2knt)00pF  load 

with  lOlin  Feedback 

3  4 

3  4 

»ha 

anib  Skil  Feedback 

2  3 

2  3 

ForLSBChaiiiP 

1 

1 

tu 

Slew  Rate 

10 

10 

Via 

ANALOG  OUTPUT 

Ranees* 

=  2  5.  =5.  =  10. 

=  2.5.  =5,  =  10, 

V 

♦  5.  •  10 

♦  5,  *  10 

Ourput  Currefii 

-5 

=  5 

mA 

Output  Impedance  .dc 

005 

005 

n 

Short  Circuit  Current 

40 

40 

mA 

REFERENCE  OLTPLT 

9n  10  00  !•.]» 

9.99  10.00  19.10 

V 

Eiteroal  Cumnt 

0  1  10 

0  1  10  ' 

mA 

POVER  SUPPLY  SENSITIVITY 

V'cc  •  *  11  4«o  ♦  lb  SVdc 

5  l« 

5  10 

ppraof  FSN 

Vi,  •  -  n  4to  -  16  5V<k 

5  l« 

5  10 

ppmofFSN 

POWER  SUPPLY  REQUIREMENTS 

Rated  VolUfes 

:  12.  =  15 

:  12.  =  15 

V 

Ratifc* 

±114  ±|«.$ 

±11.4  ±19.5 

V 

Suppiv  Current 

*  11  4io  «  lb  5V'dc 

1  12 

8  12 

mA 

'  11  4to  -  lb  5Vdc 

20  25 

20  25 

mA 

TEMPERATURE  RANGE 

Specificaoon 

0  *70 

0  *70  i 

■c 

Siorife 

-b5  *125 

-95  *125 

' 

•c 

NOTES 

'The  difitai  tapui  fpcnficiuiMU  trc  lOOS  (c«cd  at  *  29X.  Md  guarwiccd  but  aoc  tcM«d  ov«f  tbr  fuU  icmperarurr 
'AdiuauMe  to  arm 

*F5R  niMm  "Full  Seda  Wanff  "  aad  a  20V  for  *  iOV  nofc  and  lOV  for  ebe  t  )V  rvifr 

*A  tmmetum  power  wppiv  of  *  12  5V  h  roquirod  for  a  ?  lOV  fuU  acak  ourput  and  ;  i  I  4V  »  irquuod  for  all  odicr  voitifc  rmfea 
SpfoficatJOBs  lubieci  to  ebartfa  witboui  nocicr 


SpmficatMAa  itoown  m  boldface  are  leeted  on  all  production  uniti  at  final 
ctecVKal  (cti  Hiaulu  from  tboar  testa  are  uard  to  calculate  outfoir^  quality 
Irvela  All  mn  and  nai  ipcrtficauaoa  are  fuarintoed.  alihoufh  onlv  tboae 
ihowB  in  boUfaoc  are  tcaicd  on  all  peoducoon  unit* 

TIMING  SPECIFICATIONS 


(All  Model!,  Ta  -  23*C,  Vcc -♦  IIV or  ■>.  15V, 

V„-- 

Syabol 

12Vor  -l$V) 

Mia 

Typ 

Mu 

toe 

DiuVilidtoEndofCS 

50 

ns 

i/tc 

Addreu  Valid  to  End  of  CS 

100 

u. 

ns 

•CF 

CSPttIte  Width 

100 

- 

ns 

•dh 

Otu  Hold  Time 

0 

- 

os 

•snr 

Output  Voltage  Settling  Time 

- 

2 

4 

M 

ABSOLUTE  MAXIMUM  RATINGS 

V<x  to  Power  Ground . OV  to  +  18V 

Va  to  Power  Ground . OV  to  -  18V 

Di|iullnpuu(Pint  11-lS,  17-28) 

to  Power  Ground .  -  1  .OV  to  +  7.0V 

Ref  In  to  Reference  Ground . ±  12V 

Bipoier  Offiet  to  Reference  Ground . ±  12V 

IOV  Spui  R  to  Reference  Ground . :  12V 

20V  Spto  R  to  Reference  Ground . *  24V 

Ref  Out,  VovT  (Pin*  6,  9)  .  .  Indefinite  ibort  to  power  ground 

Momenury  Short  to  Vec 
Power  Dinipatioo . lOOOinW 
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AD667 


hUa 

AZMTA 

Ty» 

Mas 

Mm 

ADitTB 

Tfw 

Mm 

MM 

ADMTS 

Typ 

Maa 

Uaks 

PIClTALISrVTS 

tUtobnoo 

12 

12 

12 

Bm 

LepcUntdsCTTLCampuibk, 

Vni(L<nic"l") 

+  2.t 

♦  5.5 

♦  2.t 

♦  5.5 

♦  2.t 

♦  5.5 

V 

Va.lLa^’Vl 

• 

♦M 

t 

♦  M 

t 

♦  t.7 

V 

loi(Voi-J.5V) 

3 

1$ 

3 

It 

It 

t»A 

Iq.(Vil-«»V) 

1 

5 

! 

5 

1 

5 

hA 

nUNSFEX  CHAJIACTEIUSTICS 

ACrtHACY 

LiBMhty  Error  (S  «'2SX: 

xl/4 

*V2 

sl/t 

xt/4 

sl/S 

±1/2 

LSI 

T,-T_ioT^ 

st/2 

±3/4 

s  1/4 

xl/2 

sl/2 

±3/4 

LSB 

DiffcrcauilLaiManty  Error  @  «^2S*C 

sl/2 

±3/4 

sl/4 

±t/2 

sl/4 

±3/4 

LSB 

T.-T^loT^ 

BJ.....  Mi 

MawoaemaiT  Gwanaiaeal 

MaMtamciiy  Caaraamat 

LSB 

GoioError^ 

BaH 

±$.2 

sO  1 

xt,2 

sO.l 

±t.2 

SkofFSR’ 

flnifinlif  iTfftr  ErroH 

±2 

St 

±2 

si 

±2 

LSB 

BipotorZcrD^ 

BSI 

±4.t 

sO.05 

*t.| 

sO.05 

±t.l 

%ofFSR 

DRIFT 

■■ 

■1 

BH 

Diffenanal  Limnis 

HI 

BH 

BH 

s2 

ppmofFSRTC 

Cma  (FuU  Sak  >  Ta  -  to  T,.  or 

BB 

BH 

si5 

±3t 

ppm  of  FSR'X 

UoipolRrOffietTA  *  2S*C  to  Tm 

si 

±3 

BH 

BB 

±3 

ppmofFSItX: 

Bipoiw  Zero  Ta  ■  2S*C  to  or 

s5 

xIO 

±10 

±lt 

ppmofFSRrC 

COKVERSION  SPEED 

ScttliDf  Time  to  2  0-OlHo^FSRfor 

FSR  cltti«e  (2kn|500pF  load) 

with  lOkD  Feedback 

} 

4 

) 

4 

} 

4 

M* 

with  SkD  Feedback 

2 

) 

2 

3 

2 

3 

tt* 

For  LSB  Chaafc 

1 

1 

1 

Slew  Race 

10 

to 

ID 

V'M 

ANALOG  OLTFUT 

Ranfei* 

s2  5.  s5.  s 

10, 

s2  5.  s5. 

s  10. 

1 2.5,  -5, 

=  10. 

V 

*5.  *10 

•5.  *  10 

•  5.  *10 

Output  Currest 

:5 

s5 

r5 

mA 

Output  Impedance  dc ) 

005 

005 

005 

n 

Short  C4rcuit  Currtat 

40 

40 

40 

oA 

UFERINCEOLTPLT 

rrm 

HETW 

t.4t 

10.00 

lt.lt 

V 

Ejucroai  Currrai 

BH 

0  t 

1  0 

mA 

POSTER  SUPPLY  SENSmVTTY 

1 

Vec  «  *  11  4to  *  16  SVdc 

5 

10 

5 

It 

5 

It 

ppmofFSN 

V„  -  -  11  4(0  -  16  5Vdc 

5 

It 

5 

It 

5 

It 

ppmofFS^ 

POWER  SUPPL  V  REQLIREME.NTS 

1 

Rated  Voltages 

s  12.  t  15 

s  12.  t  15 

sl2.  sl5 

V 

Ranfc* 

xll.4 

xl«.5 

xll.4 

xU.5 

xll.4 

sl6  5 

V 

Supply  Current 

*  1 1  4to  •  16  5Vdc 

I 

12 

S 

12 

8 

12 

mA 

il  4(0  •  16  5V(k 

20 

25 

20 

25 

20 

25 

mA 

TEMPERA  TL  RE  RANGE 

Speciftcauon 

-25 

*»5 

-  25 

•15 

55 

•  125 

■c 

Sionge 

-65 

-  150 

65 

•  150 

-  65 

-  150 

■c 

TIMING  DIAGRAMS 

WRITE  CYCLE  *1 

iLokI  First  Rink  from  Diu  Bus,  A3  =  I) 


WRITE  CYCLE  »: 

(Load  Second  Rank  from  First  Rank,  A2,  Al,  A0=  I) 
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U-PIN  DIP  CONNECTIONS 


PLCC,  LCC  PIN  CONNECTIONS 


ORDERING  INFORMATION 


Liacafity 

Tenpenture 

Error  Mu 

GaiaT.C. 

Model 

PackafcOptioM* 

Raa|c-*C 

@25*C 

Muppn/*C 

AD667JN 

PUnicDIP(N.2g) 

Oto  ■*•70 

±1/2LSB 

30 

AD667JP 

PLCC(P-28A) 

Olo  +70 

£l/2LSB 

30 

AD667KN 

PUtucDIP(N-28) 

Oto  +70 

±  1/4LSB 

15 

AD667KP 

PLCC(P-28A) 

Oto  +70 

±  1/4LSB 

15 

AD667AO 

CemiiicDIP(D-28) 

-25  to  +85 

±  1/2LSB 

30 

AD667AE 

LCC(E-28A) 

-25  to +85 

±  1/2LSB 

30 

AD«67BD 

Cerunic  DIP  (D-28) 

-25  to +85 

+  I/4LSB 

15 

AD667BE 

LCC(E-28A) 

-  25  to  +  85 

+  I/4LSB 

15 

AD667SD 

Cenoiic  DIP  (D-28) 

-55  to  +  125 

±  I/2LSB 

30 

ADM7SE 

LCX:(E-28A) 

-  55  to  + 125 

±  I/2LSB 

30 

*S««  Saoioa  14  tsr  pKkaft  outlioc  iafmuaoo. 
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Analog  Circuit  Details  -  AD667 


the  ADM7  OFFEBS  TEUE  12-BIT  PEBFIMUMANCE 
OVEB  TOE  FVLL  TEMFEBATUBE  BANGE 

UNEARITY  ERROR:  Aaaloc  Derioe*  de&na  Untuiiy  en<ar 
a  ihe  omiBUin  deriaiian  of  cbe  actoal,  ■dpnwd  DAC  output 
firoB  the  idol  tnalog  output  (a  migfat  line  drawn  from  0  to 
F.S.  -  ILSB)  for  any  bit  combiiiatioo.  The  AOM7  it  laacr 
trimmed  to  1/4LSB  (0.006%  of  F.S.)  masiBnm  error  at  ■*.  2S*C 
for  the  K  and  B  reniona  and  1/2LSB  for  the  J,  A  and  S 
tcfiiaaa. 

MONOTONICITY:  A  OAC  it  laid  to  be  tnoaotooic  if  the 
output  either  increatet  or  remaint  constant  for  increaaing  digital 
inpuo  such  that  the  output  will  always  be  a  noodecrcasing 
functioo  of  input.  All  versioos  of  the  AD667  are  moootonic  over 
tiwir  foil  operatinf  temperature  range. 

differential  NONUNEARITY:  Moootonic  behavior 
requites  that  the  diflerendal  linearity  error  be  less  timi  ILSB 
both  at  *-25‘C  and  over  the  temperature  range  of  interest. 
Differential  nonlinearity  is  the  measure  of  the  vatiatioo  in  inalog 
value,  oonnalieed  to  foil  scale,  ttanriated  arith  a  ILSB  change 
in  digital  input  code.  For  eiampte,  for  a  10  volt  foil  scale  output, 
a  change  of  ILSB  in  digital  input  code  should  result  in  a  2.44mV 
change  in  the  tnalog  output  (1LSB»  lOV  x  1/4096  •l.aamV).  If 
in  actual  use,  however,  a  ILSB  change  in  the  input  code  results 
in  a  change  of  only  0.61mV  (I/4LSB)  in  analog  output,  the 
differential  linearity  error  would  be  -  l.83mV,  or  - 3/4LSB. 

The  AD667K  and  B  grades  have  a  maa  differential  linearity 
error  of  1/2LSB,  which  specifies  that  every  step  will  be  at  least 
I/2LSB  and  at  most  I  1/2  LSB. 

ANALOG  CIRCUIT  CONNECTIONS 
lotemal  scaling  retiston  provided  in  the  A0667  may  be  connected 
to  produce  bipolar  output  voltage  ranges  of  :  10,  :  !  or  £  2.SV 
or  uiupolar  output  voltage  ranges  of  0  to  SV  or  0  to  *■  lOV. 

Gain  and  offset  drift  are  muumized  in  the  A0667  because  of  the 
thermal  tracking  of  the  scaling  resistors  with  other  device  com¬ 
ponents.  Connections  for  various  output  voltage  ranges  are 
shown  in  Table  1. 


G 


Figure  1  Output  Amplifier  Voltage  Range  Scaling  Circuit 


UNirOLAB  CONFIGURATION  (Figm  2) 

This  coafiguraijon  will  provide  a  nwipnivr  0  to  -f  10  voh  output 
range.  In  this  mode,  the  bipolir  oAet  terminal,  pin  4,  should 
be  pounded  if  not  used  for  uimining. 


Figure  2.  Oto*-  10V  Unipolar  Voltage  Output 


STEP  I .  .  .  ZERO  ADJUST 

Turn  ail  bits  OFF  and  adhiat  aem  trimmei  Rl,  until  the  ouqiut 
reada  0.000  volts  (ILSB •  2.44ffiV).  In  moat  cases  this  trim  is 
not  needed,  and  pin  4  should  be  connected  to  pin  S. 

STEP  n  .  .  .  GAIN  AD^ST 

Tom  all  bits  ON  and  adjust  lOOfl  gain  trimmer  R2,  until  the 
output  is  9.9976  volts.  (Full  scale  is  adjusted  to  ILSB  leas  than 
foil  scale  of  10.000  volia.) 

BIPOLAR  CONFIGURATION  (F«aie  3) 

This  oonfiguration  will  provide  a  bipolar  output  voltage  from 
- $.000  to  +4.9976  volts,  with  positive  full  scale  occurring  with 
aU  bin  ON  (aU  I’l). 

STEI  I .  .  .  OFFSET  ADJUST 

Turn  OFF  all  biu.  Adjust  lOOO  trimmer  Rl  to  give  -  S.OOO 
volts  output. 

STEP  n  .  .  .  GAIN  ADJUST 

Turn  ON  all  bits.  Adjust  lOOO  gain  trimmer  R2  to  give  a  reading 
of  +4.9976  volts. 


Output 

Digital 

Connect 

Connect 

Connect 

Connect 

Range 

Input  Codes 

Pia9ta 

Pin !  to 

Pinllo 

Pia4to 

ilOV 

Offset  Binary 

1 

9 

NC 

6  (through  son  filed  or  lOOntrim  resistor) 

iJV 

Offset  Binary 

1  aod2 

2aiid9 

liod9 

6  (through  SOO  filed  or  lOOOtrim  resistor) 

£2.5V 

Offset  Binary 

2 

3 

9 

6(through  SOO  fixed  or  lOOntrim  resistor) 

Oto  *  lOV 

Straight  Binary 

land  2 

2and9 

1  and  9 

S  (or  optional  tnm  -  See  Figure  2) 

Oto  ♦SV 

Straight  Binary 

2 

3 

9 

S  (or  optional  trim  -  See  Figure  2 ) 

Table  I.  Output  Voltage  Range  Connections 
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INTOtNAL/EXTEKNAL  UFEUNCE  USE 
TIm  A0667  hu  in  intenal  kw-noiie  buried  zener  diode  tefetence 
friiich  ii  thnuaed  for  ibeohite  iccuncy  ind  temperature  coeffi¬ 
cient.  This  reference  is  buffered  and  optimized  for  use  in  a  high 
•peed  DAC  and  will  give  long-term  lUbiUty  equal  or  superior  to 
the  beat  discrete  zener  reference  diodes.  The  performance  of  the 
AD667  is  with  the  internal  reference  driving  the  DAC 

linoe  ail  trimming  and  testing  (espedaily  for  foil  scale  error  and 
bipolar  oBtet)  is  done  in  this  configuratioo. 

The  internal  tefetence  has  sufficient  buffering  to  drive  enetnal 
circuitry  in  addition  to  the  reference  currents  requited  for  the 
DAC  (typically  O.SmA  to  Ref  In  and  I.OmA  to  Bipolar  Offset). 

A  minimum  of  O.lmA  is  available  for  driving  enonal  loads. 

The  AD667  reference  output  should  be  buffered  with  an  eztemal 
op  amp  if  it  is  requited  to  supply  more  than  0. 1mA  output 
current.  The  reference  is  typically  irimme<d  to  ±  0.2%,  then 
tested  and  guaranteed  to  ±  1.0%  maz  err.  The  temperature 
coefficient  is  comparable  to  that  of  the  foil  scale  TC  for  a  particular 
grade. 

If  an  eztemal  reference  is  used  (lO.OOOV,  for  ezimple),  additioaal 
trim  range  must  be  provided,  since  the  internal  rrference  has  a 
tolerance  of  ^  1%,  and  the  ~^7  foil-scale  and  bipolar  offset 
are  both  trimmed  with  the  ..  :mal  reference.  The  gain  and 
ofimt  trim  resiston  give  about  ±0.25%  adjustment  range, 
which  is  sufficient  for  the  AD667  when  used  srith  the  internal 
reference. 

It  is  also  possible  to  use  eztemal  references  other  than  10  volu. 
The  reoammended  range  of  reference  voltage  is  from  -f  8  to 
11  volts,  which  allosn  both  8.192V  and  10.24V  ranges  to  be 
used.  The  ADM7  is  optimized  for  fized-reference  applicatioos. 

If  the  reference  voltage  is  ezpected  to  vary  over  a  wide  range  in 
I  particular  applkatioo,  a  CMOS  multiplying  DAC  a  a  better 
choice. 

Reduced  values  of  reference  voltage  will  also  permit  the  ±  12 
volt  *  5%  power  supply  requirement  to  be  rdazed  to  ±  12  volts 
±10%. 

It  is  not  recommended  that  the  AD667  be  used  with  eztemal 
feedback  resistors  to  modify  the  scale  (actor.  The  internal  resistors 
are  triiruned  to  ratio-match  and  temperature-ttaefc  the  other 
resistors  on  the  chip,  even  though  their  absolute  tohnnees  are 
±  20%,  and  absolute  temperature  coefficients  ate  ipprazinutely 
-  SOppmTC.  If  eztemal  resistors  ate  used,  a  wide  trim  range 
( ±  20%)  aril]  be  needed  and  temperature  drift  arill  be  increased 
to  reflect  the  mismatch  between  the  temperature  coefficients  of 
the  internal  and  eztemal  resistors. 

Small  resistors  may  be  added  to  the  feedback  resistors  in  order 
to  accomplish  small  modifications  in  the  scaling.  For  ezample,  if 
a  10.24V  full-scale  is  desired,  a  1400  1%  low-TC  metal-film 
resistor  can  be  added  in  series  arith  the  internal  (nominal)  5k 
feedback  resistor,  and  the  gain  trim  potentiometer  (between 
pins  6  and  7)  should  be  increased  to  2000.  In  the  bipolar  mode, 
increase  the  value  of  the  bipolar  offset  trim  potentiometer  also 
to  2000. 

GROUNDING  RULES 

The  AD667  brings  out  separate  analog  and  power  grounds  to 
allow  optimum  coonectioos  for  low  noise  and  high  speed  per¬ 
formance.  These  grounds  should  be  tied  together  at  one  pout, 
usually  the  device  power  ground.  The  separate  ground  returns 
arc  provided  to  minimize  current  flow  in  low-level  signal  paths. 

The  analog  ground  at  pu  5  is  the  ground  point  for  the  output 
amplifter  and  is  thus  the  “high  quality"  ground  for  the  AD667; 
it  should  be  connected  directly  to  the  analog  reference  point  of 


the  system.  The  power  ground  at  pin  16  can  be  oonnected  to 
the  most  convenient  ground  point;  analog  power  return  is  pre¬ 
ferred.  If  power  ground  contains  high  frequency  oobe  beyond 
2(X)mV,  t^  noise  may  feed  through  the  converter,  thus  aotne 
cautioo  will  be  required  in  applying  these  grounds. 

It  it  also  important  to  appdy  decoupling  capodtors  properly  on 
the  power  supplies  for  the  AD667  and  the  output  ampliScr. 

The  correct  method  for  decoupling  is  to  connect  a  capedtor 
ftom  each  power  supply  pin  the  AD667  to  the  analog  ground 
pin  of  the  AD667.  Any  load  driven  by  the  output  ymplifiir 
should  also  be  referred  to  the  analog  ground  pin. 

OPTiMIZmC  SETTLING  TIME 

The  dynamic  performance  of  the  AUbbT*!  output  amplifier  can 
be  optimized  by  adding  a  small  (20pF)  capacitor  across  the 
feedback  resistor.  Figure  4  shows  the  improvement  in  both 
large-signal  and  small-signal  settling  for  the  lOV  range.  In  Figure 
4a,  the  top  trace  shows  the  data  inpuu  (DBI 1-DBO  tied  together), 
the  second  trace  shows  the  CS  pulse  (AVAO  tied  low),  and  the 
tower  tiro  traces  show  the  analog  outpuu  for  Cp  •  0  and  20pF 
respectively. 

Figures  4b  and  4c  show  the  settling  time  for  the  transition  from 
all  biu  on  to  all  bits  off.  Note  that  the  settling  ume  to  ±  1/2LSB 
for  the  lOV  step  is  improved  from  2.4  microseconds  to  1.6 
microacconds  by  the  additiao  of  the  20pF  capadtor. 

Figures  4d  and  4c  show  the  settling  time  for  the  transition  from 
all  bits  off  to  all  bin  on.  The  improvement  in  settling  time 
gained  by  adding  Cc**20pF  it  similar. 


a.  farpo  Scs/0  Sowing 


b.  Fino-Scoto  Sowing,  Cf  =  0pF 


c.  Fino-Scah  Sowing,  Cr^XpF 
Figuro  4.  SoWing  Time  Performance 
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d.  Fin0-Seal0  SMling,  Cf^OpF 


0.  Fin0-Scal0  S0ttling,  Cf  =  20pF 
Figur0  4.  Sattling  Tima  Parformanca  (Continued) 

DIGITAL  cncurr  details 

The  bus  inieifacc  logic  of  the  A0667 coDsistt  of  four  independentl; 
tddietnble  regiiten  in  two  naks.  The  6nt  nnk  consists  of 
three  four-bit  registen  which  cin  be  loaded  directly  from  s  4-, 
8-,  12-,  or  16-bit  microprocessor  bus.  Once  the  oocnplete  12-bit 
dau  word  has  been  assembled  in  the  6nt  rank,  it  can  be  loaded 
into  the  12-bit  register  of  the  second  tank.  This  double-buffered 
organization  avoida  the  genetitioa  of  spurioua  analog  output 
values.  Figure  5  shows  the  block  diagimm  of  the  A0667  logic 
lection. 


om  mt  m»  •••  tm 


The  latches  are  controlled  by  the  address  inputs,  A0-A3,  and 
the  €S  input.  All  control  inputs  are  acuvc  low,  consistent  with 
general  practice  in  microptocessor  systems.  The  four  address 
lines  each  enable  one  of  the  four  latches,  as  mdicated  in 
Table  II. 

All  latches  in  the  A0667  ate  level-triggered.  This  means  that 
data  present  during  the  time  when  the  control  signals  are  valid 
will  enter  the  latch.  When  any  one  of  the  control  signals  returns 
high,  the  dau  is  latched. 


It  is  petmitaible  to  enable  more  than  one  of  the  latches  simul¬ 
taneously.  If  a  first  rank  latch  is  enabled  comddent  with  the 
aecond  tank  latch,  the  dau  will  reach  the  second  tank  correctly 
if  the  “WRITE  CYCLE  a  1”  timing  speoficanoBS  are  met. 


s 

A3 

A2 

A1 

At 

Operation 

1 

X 

X 

X 

X 

No  Operation 

X 

1 

1 

1 

1 

No  Operation 

0 

1 

1 

1 

0 

Enable  4  LSBs  of  First  Rank 

0 

I 

1 

0 

1 

Enable  4  Middle  Biu  of  First  Rank 

0 

1 

0 

1 

1 

Enable  4  MSBa  of  First  Rank 

0 

0 

1 

I 

1 

Loads  Second  Rank  finm  First  Rank 

0 

0 

0 

0 

0 

All  Latches  Transparent 

“X^-Doe’iCm 


TaSthll.  ADMTTruthTabh 
INPUT  CODING 

The  AD667  uses  poaitive-inie  binary  input  coding.  Logic  “I”  is 
reprcaented  by  an  input  voltage  greater  than  2.0V  and  logic  “0” 
is  defined  as  an  input  voltage  leas  than  O.SV. 

Unipolar  coding  it  straight  binary,  where  all  zeroes  (OOOh)  on 
the  dau  inpun  yiddt  a  zero  analog  output  and  all  ones  (FFFh) 
yields  an  analog  output  ILSB  below  full  scale. 

Bipolar  coding  is  offset  binary,  where  an  input  code  of  OOOh 
yields  a  minus  full-scale  output,  an  input  cf  FFFh  yields  an 
ott^t  ILSB  below  positive  full  scale,  and  zero  occurs  for  an 
input  code  with  only  the  MSB  on  (WOh). 

The  AD667  can  be  used  with  tsn>’t  complement  input  coding  if 
an  inverter  it  used  on  the  MSB  (DBl  1). 

DIGITAL  INPUT  CONSIDERATIONS 
The  threshold  of  the  digital  input  circuitry  it  set  at  1.4  rolu 
and  does  not  vary  with  supply  voltage.  T^  input  lines  can  thus 
intcrfoce  with  any  type  of  S  volt  logk.  The  configuration  of  the 
input  circuit  is  shown  in  Figure  6. 


Figure  6.  Equivalent  Digital  Input  Circuit 


The  AD667  dau  and  control  inputs  will  float  to  a  logic  0  if  left 
open.  It  is  recommended  that  any  unused  inputs  be  conneaed 
to  power  ground  to  unprove  noise  immunity. 

Fanout  for  the  AD667  is  100  when  used  with  a  standard  low 
power  Schonky  gate  output  device. 
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S-UT  MICROPROCESSOR  INTERFACE 
The  AD667  iaterfices  easily  to  8-bit  microprocesaor  systems  of 
all  types.  The  control  logic  makes  possible  the  use  of  right-  or 
left-justified  dau  formats. 

Whenever  a  12-bit  DAC  is  loaded  from  an  8-bit  bus,  two  bytes 
are  required.  If  the  program  consideis  the  data  to  be  a  i2-bit 
binary  ffactioo  (between  0  and  4095/4096),  the  data  is  left-justified, 
with  the  eight  most  significant  bits  in  one  byte  and  the  remaining 
biu  in  the  upper  half  of  another  byte.  Right-justified  dau  calls 
for  the  eight  least  significant  biu  to  occupy  cue  byte,  srith  the  4 
most  significant  biu  residing  in  the  lower  half  of  another  byte, 
simplifying  integer  arithmetic. 

|i)su|os<o|  OSS  I  osi  I  os;  I  os«  I  osa  I  0S4  I 

I  OSS  I  0S2  I  DS1 1  oso  I  X  I  X  I  X  I  a  | 

a.  Lett  Justified 

I  X  I  »  I  X  I  X  |osn|osio|  oat  I  oss] 

[  DS7  I  OSS  [  OSS  [  OSl  [  OSl  [  OSl  I  0S<  I  oso  I 

b.  Right  Justified 

Figure  7.  12-Bit  Data  Formats  for  8-Bit  Systems 

Figure  8  shosrs  an  addressing  scheme  for  use  arith  an  A0667  set 
up  for  left-justified  dau  in  an  8-bit  system.  The  base  address  it 
decoded  from  the  high-order  address  biu  and  the  resultant 
active-low  signal  it  applied  to  Q.  The  two  LSBt  of  the  address 
but  are  connected  u  shown  to  the  AD667  address  inpun.  The 
latches  now  reside  in  two  consecutive  locationt,  with  location 
XOI  loading  the  four  LSBs  and  location  XIO  loading  the  eight 
MSBs  and  updating  the  output. 


01 

os 

OS 

0« 

01 

01 

01 

00 


SIS 

I 

I 

I 

A3 

A1 


figure  8.  Left-Justified  6-Bit  Bus  Interlace 


Right-justified  dau  cao  be  similarly  accommodated.  The  over¬ 
lapping  of  dau  lines  is  reversed,  and  the  address  conoectioos 
arc  slightly  different.  The  AD667  still  occupies  two  adjacent 
locatioDs  in  the  processor's  memory  map.  In  the  circuit  of  Figure 
9,  Uxatioa  XOI  loads  the  SLSBs  and  location  XIO  loads  the 
4MSBs  and  updates  the  output. 
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M 

M 

04 
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A3 
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Figure  9.  Right-Justified  8-Bit  Bus  Interface 

USING  THE  AI)667  WITH  12-  AND  16-BIT  BUSES 
The  AD667  it  easily  interfaced  to  12-  and  16-bit  dau  buses.  In 
this  operatioo,  all  four  address  lines  (AO  through  A3)  art  tied 
low,  and  the  latch  is  enabled  by  CS  going  low.  The  A0667  thus 
occupies  a  single  memory  location. 

This  configuration  uses  the  first  and  second  rank  regittert 
simultaneoualy.  The  CS  input  can  be  driven  ftom  an  active-low 
decoded  address.  It  should  be  noted  that  any  dau  bus  activity 
during  the  period  when  CS  is  low  will  cause  activiiy  at  the 
A0667  output.  If  dau  is  not  guaranteed  suble  during  this 
period,  the  second  rank  register  cao  be  used  to  provide  double 
buffering. 


Figure  10.  Connections  for  12-  and  16-Bit  Bus  Interface 
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APPENDIX  F 


FIFO  MEMORY  TECHNICAL  DATA  (IDT  7201  SA  120DB) 


CMOS  PARALLEL 

IDT7200S/L 

FIRST-IN/FIRST-OUT  FIFO 

IDT7201SA/LA 

256  X  9-BIT  &  512  x  9-BIT 

fEATURES: 

pfli-ln/First-Out  dual-port  memory 
!  256  X  9  (IOT7200) 

i  512  X  9  organization  (IOT7201  A) 
i  ^rtsumption 

—  Active:  770mW(max.) 

—  Power-down:  27.5mW  (max.) 

.  uirattiO^spoort— ^  5ns  access  time 

Asyncrtmnous  and  simultaneous  read  and  write 
i  Putty  expandable  by  both  word  depth  and/or  bit  width 
,  pm  and  functionally  compatible  with  720X  family 
,  Status  Ftags:  Empty.  Half-Full,  Full 
.  Auto-retransmit  capability 
,  High-performance  CEMOS^  technology 
,  Military  product  compliant  to  MIL-STO-6U.  Class  B 
.  Standard  Military  Drawing  *5962-8753t , 

5962-89666,  and  5962-89863  are  listed  on  this  function. 


DESCRIPTION: 

The  IOT7200/7201 A  are  dual-port  memories  that  load  and 
err^y  data  on  a  first-in/Tirst-out  basis.  The  devicet  use  Ful 
and  Empty  flags  to  prevent  data  overflow  and  underflow  and 
expansion  logic  to  allow  tor  unllmitad  expansion  capabWy  in 
both  word  size  and  depth. 

The  reads  and  writes  are  internally  sequential  through  the 
use  of  ring  pointers,  with  no  address  MoiTnation  required  to 
load  and  unload  data.  Data  is  toggled  in  and  out  o(  the  devices 
through  the  use  of  the  Write  (W)  and  Road  (R)  pine.  The 
devices  have  a  read/writa  cycle  time  of  25ns  (40MHz). 

The  devices  utilizes  a  9-fait  wide  data  array  to  allow  tor 
control  and  parity  bits  at  the  user's  option.  This  fsature  is 
especially  useful  in  data  communications  appflcatlons  where 
it  is  necessary  to  use  a  parity  bit  for  transmission/racflpiion 
error  checking.  It  also  features  a  RetransmH  (RT)  capabaty 
that  ail^s  tor  reset  of  the  read  potnier  to  It  MHa)  posMon 
when  RT  is  pulsed  low  to  allow  for  retransmission  from  the 
beginning  of  data.  A  Half-Full  Flag  is  avaHable  In  the  single 
device  mode  and  width  expansion  nxxles. 

The  IOT7200/1A  is  fabricated  using  lOTs  high-apoed 
CEMOS  technology.  They  are  designed  for  those 
applications  requiring  asynchronous  and  simulansous  rearV 
writes  in  multiprocessing  and  rate  buffer  applicatlorto.  MUary 
grade  product  is  manufactured  In  compliancs  wth  Ihs  tatsst 
revision  of  MlL-STD-883.  Class  B. 


FUNCTIONAL  BLOCK  DIAGRAM 


DATA  INPUTS 
(DM)*) 
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IOT7MO»L,  lOTTaOISAOA  CMOS  PARALLEL 
FIRST-IN/FIRST-OUT  FIFO  256 1  P-Bn  A  $12 1  t-BIT 


PIN  CONFIGURATIONS 


OIP/SOtC/FLATPACK 
TOP  VIEW 


ABSOLUTE  MAXIMUM  RATINGS*^) 


Rallna 

Com'L 

MIL 

Vterm 

Tarminal  VoRaga 
arRh  Raapact 
loGND 

-O.S  to  «7.0 

-0.5  to +7.0 

Ta 

IxSSESSHH 

OIOt-70 

-5Sto+12S 

Taws 

Tamparatura 

Undar  Biaa 

-sstO'fias 

-«StO+13S 

Tsro 

-«StO>12S 

-65 10+155 

kx/T 

1  OCOutput  1 

so 

SO 

1  S>WMigw»><i»»oi«iililundw  ABSOLUTE  MAXIMUMRATINQS 
may  oaiM  ptmananl  dtmagi  ID  tx  Arm.  TTm  ■  •  imi  raPng  only 
and  bneional  oparalon  of  tw  draoa  at  tfiata  or  any  otiar  oondionf 
aboix  tfioaa  indcalid  in  tfx  oparadonal  sacdona  of  $fia  fpaoi$oa$on  i  a  not 
mpliad  Eapoaura  to  abaoKaa  manmum  radng  oondMona  for  aiMndad 


CAPACITANCE  (Ta  -  ■»25°C.  I  ■  1.0  MHz) _ 

Symbol  Piramotar*'* _ Condition  Max.  Unit 

Cat  Input  Capacilanoa  Vat»  OV _ 8^  pF 

CouT  Output  Capadtanoa  Vour»0V  8  pF 

NOTE:  aaraaio 

1  Thiaparamaiar  la  aamplad  and  not  tao%  laatad. 


MILITARV  AND  COMMERCIAL  TEMPERATURE  RANGES 


Symbol 

■CZZZflil 

VCCM 

Mlftary  Supply 
VoRigo 

Vocc 

Commafcial  Supply 
VoRaga 

QND 

Sqpply  VoRaga 

VafI’) 

mpui  Figh  VoRaga 
Commaidal 

Vat<’» 

IfVUl  High  VoRaga 
Mn«y 

2 


lOTROOftU  IOT7I01SA/tA  CUM  PARALLEL 
FIRST-IMnRST-OUT  FIFO  IM 1  (-SfT  A  812 1 


MILITARY  AND  COMMERCUL  TEMPERATURE  RANQEi 


DC  ELECTRICAL  CHARACTERISTICS 

(CoinniTcial:  Vcc  -  5.0V±10%.  Ta  -  om  to  MaiUfy:  Vcc  -  5.0Vt10%.  TA  -  -5S*C  to  -f  125»C) 


1 

Paramatar 

S)T7200 
IOT7201 
Commarclal 
lA  ■  1S.20na 

BTTSOO 

R>T7201 

Military 

UaSOna 
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IDT7201 
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Ua2SJSna 
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— 
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Powar  Down  Currant  (All  Input  •  Vcc  -  0.2V) 

— 

— 

n 

— 

— 

9 

— 

— 

wm 

E3 

Powar  Down  Currant  (All  Input  •  Vcc  -  0.2V) 

□ 

— 

— 

LU 

WlMOt 


DC  ELECTRICAL  CHARACTERISTICS  (Continued) 

(Commertial:  Vcc  -  5.0V±10%,  Ta  -  0»C  to  t-TyC;  Militafy:  Vcc  -  S.0V±10%.  Ta  -  -5S»C  to  ■»  12S»C) 


■ 

Paramatar 

IOT7200 
IOT7201 
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tA  a  30.40na 

IOT720( 

I0T7201 
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Powar  Down  Currant  (AH  Input  •  Vcc  •  0.2V) 
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El 

NOTES;  maiM 

t  MMiuiwnanK  with  0  4  S  Vm  s  Voc. 

2  R*  Vk04SVoutSVoc 

3  ICC  mMfuranwnti  mt  mad*  with  ouYiuls  opan  (onl|r  capacifv*  loadns) 

4  Taiiad  at  I  •  20MH4 


IOT7200S/L.  IDT7201SA/LA  CMOS  PARALLEL 
RRST-W/nRST-OUT  FIFO  2H I S-BIT  A  $12 1 S-RIT 


MIUTARY  AND  COHMERCUL  TEMPERATURE  RANGES 


AC  ELECTRICAL  CHARACTERISTICS 

(Comnietcial:  Vcc  -  S.OVt  1 0%,  Ta  -  0°C  to  ♦70°C,  Military:  Vcc  -  S.OVtl  0%.  Ta  -  -55°C  to  -fl  25°C) 


UfllWUI 
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CemX 
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t  TMngtivNranoadnin  ACTMtCendtom 
2.  P\iM  wMTn  IMS  Far  minimuni  valu*  m  nol  Mowed 
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IOT7300»L,  IDT7M1SA/LA  CMOS  PARAUEL 
nRST-UmRST-OUT  FIFO  2M  i  MIT  t  S12  i  MIT 


MIUTARV  AND  COWHEROAL  TEMPERATURE  RANQEi 


AC  ELECTRICAL  CHARACTERISTICS  (Continued) 


Symbol 


IS 


IRC 


U 


Paramotpr 


Shift  Froquonqf 


Road  Cydo  Tvna 


AocasaTima 


Raad  Raoovary  Tima 


RaadPulsaWidth'^ 


Raad  Pulsa  Low  to  Data  Bus  at  Low  Z*” 


Writa  Pulsa  High  to  Data  Bus  at  Low  2*^ 


Data  Valid  from  Raad  Pulsa  High 


Raad  Pulsa  High  to  Oala  Bus  at  High  Z”‘ 


Wma  Cyda  Tima 


Writa  Pulsa  Widlh<^ 


Writa  Raoovarv  Tlrria 


Data  Sal-up  Tima 


OMaHoWTma 


Rasat  Cvda  Tima 


Rasat  Pulsa  Widlh*^ 


Rasat  Sat-upTima'^ 


Rasat  Raoovary  Tima 


RatransmS  Cyda  Tima 


Ratransmit  Pulsa  Widih'^ 


Psrransmit  Sat-up  Tima® 


Hairansmit  Raoovary  Tima 


Rasat  10  Empty  Flag  Low 


trVHfFVi  Rasat  to  Hal-Full  and  Full  Rag  High 


IREF  Raad  Low  to  Empty  Rag  Low 


Raad  High  to  Ful  Rag  High 


Raad  Pulsa  Width  attar  EF  High 


Wnta  Hoh  to  Empty 


Writa  Low  to  Full  Rag  Low 


Wnta  Low  lo  Halt -Full  F 


Raad  High  to  Hal-Full 


Wnta  Pulsa  Width  attar  PE  High 


Raad/Wrla  to  ^  Low 


Raad/Wria  to  ^  Hioh 


5(i  Pulsa  Width'*' 
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NOTES: 

t  Tmingt  latsrancad  as  in  AC  Tatt  ContfSons 
Z  Piiaa  widits  lass  Sian  mmvnum  valua  art  not  aPowad 

3  VNuas  guarantaed  by  assign,  not  cunantyiasltd 

4  Only  appiiat  n  raad  dan  llow-tirough  mods 
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IDTnOOS/U  IOT7201SA/LA  CMOS  PARALLEL 
RRST-IN/FIRST-OUT  FIFO  256  (  S-BIT  A  512  i  9-BIT 


MIUTARY  AND  COHMERCUL  TEMPERATURE  RANGES 


AC  TEST  CONDITIONS 


Input  PuIm  Laveis 

GNO  to  3.0V 

Input  Rise/Fall  Timas 

Sns 

Input  Timing  Rafaranca  Lavals 

1.5  V 

Ou^Hit  Rafaranca  Lavals 

1.5  V 

Output  Load 

Saa  Figura  1 

SIGNAL  DESCRIPTIONS 
INPUTS: 

DATA  IN  (Do  -  Ot) 

Data  inputs  for  9-bit  wide  data 

CONTROLS: 

RESET (RS) 

Rasal  is  accomplished  whenever  the  Reset  (R^)  input  is 
taken  to  a  low  slate.  CXiring  reset,  both  internal  read  and  write 
pointers  are  sat  to  the  first  location.  A  reset  is  required  after 
power  up  before  a  write  operation  canjake  place  Both  the 
Read  Enable  (R)  and  Write  Enable  (W)  inputs  must  be  in 
the  high  state  during  the  window  shown  In  Figure  2,  (l.a., 
tpss  before  the  rteing  edge  of  RS)  end  should  not  change 
until  IRSR  after  the  rising  edge  of  R5.  Half-Full  Flag  (HF) 
will  be  reset  to  high  after  Reset  (R§). 

WRITE  ENABLE  (W) 

A  write  c^e  is  initiated  on  the  falling  edge  of  this  Inpuf  if  the 
Fun  Flag  (^)  is  not  set  Data  set-up  and  hold  times  must  be 
a^red  to  with  respect  to  ihe  rising  edge  of  the  Write  Enable 
(W).  Data  is  stored  in  the  RAM  array  sequentially  and 
indiNsendently  of  any  on-going  read  operation. 

After  half  of  the  memory  is  fined  and  at  the  falling  edge  ot 
the  next  write  operation,  the  HaH-Fun  Flag  (F^)  will  be  set  to 
low  and  win  remain  set  until  the  dIffererKe  between  the  write 
pointer  and  read  pointer  is  less  than  or  equal  to  one  half  ot  Ihe 
total  memory  of  the  device.  The  Han-Fuii  Flag  (RF)  is  then 
reset  by  the  rising  edge  of  Ihe  read  operation 

To  prevent  data  overflow,  the  Ful  Flag  (FF)  will  go  low. 
inhibiting  further  write  operations  Upon  the  completion  ot  a 
valid  road  operation,  the  FuH  Flag  (FF)  wW  go  high  after  irff. 
allowing  a  valid  write  to  begin  Whm  the  FIFO  is  full,  the 
internal  write  pointer  is  blocked  from  W.  so  external  changes 
m  W  win  not  affect  the  FIFO  when  I  s  tun. 

READ  ENABLE  (R) 

A  read  cycle  is  initiated  on  the  tailing  edge  of  the  Read 
Enable  (R)  provided  the  Empty  Flag  (FF)  is  not  set  The  data 
if  accessed  on  a  First-ln/First-Out  basis,  independent  of  any 
ongoing  write  operations  After  Read  Enable  (R)  goes  high. 


5V 


FIflura  1.  Output  Lead 
*  Indudii  •cope  and  Fg  capaotancat 


the  Data  Outputs  (Qo  -  Qe)  will  return  to  a  high  impedance 
condition  until  the  next  Read  operation.  When  an  data  has 
been  read  from  the  FIFO,  the  Empty  Flag  (EF)  will  go  low, 
allowing  the  Tlnal*  read  cycle  but  inhibiting  tuither  read 
operations  with  the  data  outputs  remaining  In  a  high  imped¬ 
ance  state.  Once  a  valid  write  operation  has  been  accom¬ 
plished.  the  Empty  Flag  (EF)  will  go  high  attertWEF  and  a  valid 
Read  can  then  b^in.  When  the  FIFO  is  empty,  the  Internal 
read  pointer  is  blockedfrom  R  so  external  changes  inR  will  not 
affect  the  FIFO  when  it  is  empty. 

FIRST  LOAD/RETRANSMIT  (FDRT) 

This  is  a  dual-puipose  input.  In  the  Depth  Expansion  Mode, 
this  pin  is  grounded  to  indicate  that  it  is  the  first  loaded  (see 
Operating  Modes) .  In  the  Single  Device  Mode,  this  pin  acts  as 
the  restransmit  input.  The  Sir^  Device  Mode  is  initiated  by 
grounding  the  Expansion  In  (XI). 

The  IDT7200/7201 A  can  be  made  to  retransmit  data  when 
the  Retransmit  Enable  control  (RT)  input  is  pulsed  low.  A 
retransmit  operation  will  set  the  internal  read  pointer  to  the  IM 
location  and  will  not  ajfect  the  write  pointer.  Read  Enable  (R) 
and  Write  Enable  (W)  must  be  in  the  high  state  during 
retransmit.  This  feature  is  useful  when  less  than  256/512 
writes  are  performed  between  resets  The  retransmit  feature 
is  not  compataile  with  the  Depth  Expansion  Mode  and  wiS 
affect  the  Han-Full  Flag  (HF),  depending  on  the  relative 
locations  ot  the  read  and  write  pointers 

EXPANSION  IN  (XI)  _ 

This  input  is  a  dual-purpose  pin.  Expansion  In  (Xt)  is 
grounded  to  in^cate  an  operation  in  the  single  device  mode. 
Expansion  In  (XI)  is  connected  to  Expansion  Out  (X5)  of  the 
previous  device  in  the  Depth  Expansion  or  Daisy  Chain  Mode. 

OUTPUTS: 

FULL  FLAG  (FF)  _ 

The  Fun  Flag  (FF)  will  go  low,  inhtiiting  further  write 
operation,  when  the  write  pointer  is  one  location  less  than  the 
read  pointer,  indicating  that  the  device  is  full  It  the  read 
pointer  is  not  moved  after  Reset  (RS),  the  Fun-Flag  (FF)  win 
go  low  after  256  writes  for  IDT72(X>  and  512  writes  for  the 
IOT7201A 
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IOT7200S4^  IDT7201SA/U  CMOS  PARALLEL 
RRST-IWFIRST-OUT  FIFO  2M  «  9-BIT  A  S12  i  9-BIT 

EMPTY  FLAG  (EF)  _ 

The  Empty  Flag  (EF)  will  go  low,  inhibiting  lurther  read 
operations,  when  the  read  pointer  is  equal  to  the  write  pointer, 
indtcallrtg  that  the  device  is  empty. 

EXPANSION  OUT/HALF-FULL  FLAG  ()^/HF) 

This  is  a  dual-purpose  output.  In  the  single  device  rrtode, 
when  Expansion  In  (XI)  is  grounded,  this  output  acts  as  an 
indication  of  a  halt-lull  memory. 

After  half  of  the  memory  is  tilted  and  at  the  falling  edge  of 
the  next  write  operation,  the  Half-Full  Flag  (HF)  will  be  set  low 
and  will  remain  set  until  the  difference  between  the  write 


_ MIUTAHY  AND  COMMERCIAL  TEMPERATURE  RAWCES 

pointer  and  read  pointer  is  less  than  or  equal  to  orte  half  of  the 
total  memory  of  the  device.  The  Hall-Full  Flag  (HF)  is  then 
reset  by  using  rising  edge  of  the  read  operation.  _ 

In  the  Depth  Expansion  Mode,  Expansion  In  (Xi)  ts  con¬ 
nected  to  Expansion  Out  (XO)  of  the  previous  deviM.  This 
output  acts  as  a  signal  to  the  next  device  in  the  Daisy  Chain 
by  providing  a  pulse  to  the  next  device  when  the  prevlMS  de¬ 
vice  reaches  the  last  location  of  memory. 

DATA  OUTPUTS  (Qo  -  Qe) 

Data  outputs  lor  9-bit  wide  data.  ITtis  data  is  in  a  high 
impedance  condition  whenever  Read  (R)  is  in  a  high  state. 
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1  PT  fn«y  e^ang*  status  during  Rasat.  but  flags  wiN  ba  valid  at  tnsc 

2  71  and  A  •  Vi»  around  tha  nsing  9^9  of 
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IDT7200S/L,  IOT7201SA/LA  CMOS  PARAUEL 
RRST-WmRST-OUT  FIFO  2M  i  A-BIT  A  S12 1 PW 


WIUTARV  AND  COUMERCUL  TEMPERATURE  RANGES 


WIDTH  EXPANSION  MODE  l3demonslralesanie-bilwonjwidlhbyusinotwolDT720lAs. 

Word  width  may  be  increased  simply  by  oonrwcling  the  Any  word  width  can  be  attained  by  adding  additional 
corre^nding^input  control  of  multiple  devices.  Status  flags  IOT7201A5. 

(EP.  FF  and  HF)  can  be  detected  from  any  one  device.  Figure 


OATAn  (0) 

WHITE  w 
FULL  FLAG 
RESET  (^) 


READ  (R) 

EMPTY  FLAG  (EF) 

RETRANSMIT 

DATAout(Q) 


Fl^urv  13.  Block  Otogrccn  of  2St/912 1  It  Mtwory  Uoot  In  WWlh  Ciponolon  Mod# 
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IOT7300SA,  IOT7301SA/LA  CUOa  PAMU^ 

nRST-mfnmr-ouT  nro  2M  X  p^T  •  $12 1  t«T 


mUTARV  AND  COMHERCUL  THtPEMTIME  RANOa 


depth  expansion  (OASIY  CHAIN)  MODE 
Hie  IOT7200/7201 A  can  easily  be  adapted  to  applications 
ivtiere  the  requirements  are  for  greater  than  256/512  words. 
Figure  lAdemonstrates  Depth  Expansion  using  three  IOT7200/ 
7201  As.  Any  depth  can  be  attained  by  adding  additional 
IOT7200/7201  As.  The  IOT7200/7201 A  operates  in  the  Depth 
Expansion  configuration  when  the  following  conditions  are 
met: 

1 .  The  fir^device  must  be  designed  by  grounding  the  First 

Load  (FL)  control  input.  _ 

2.  AH  other  devices  must  have  FL  in  the  high  state. 

3.  The  Expansion  Out  (^)  pin  of  each  device  must  be  tied 
to  the  Expansion  In  (XI)  pin  of  the  next  device.  See 
Figure  14. 

4.  Exlenul  logic  is  needed  to^nerate  a  composite  Full 

Rag  (FF)  and  Empty  Flag  (ER.  This  requires  the  ORing 
of  all  EFs  and  ORing  of  all^s  (1^.  all  rrust  be  set  to 
generate  the  correct  composite  FF  or  EF).  See  Figure 
14.  _  _ 

5.  The  Retransmit  (RT)  function  and  Half-Fun  Rag  (HF)  are 
not  available  in  the  Depth  Expansion  Mode. 

For  additional  information  refer  to  Tech  Note  9:  'Cascad¬ 
ing  FIFOs  or  FIFO  Modules*. 

COMPOUND  EXPANSION  MODE 
The  two  expansion  techniques  described  above  can  be 
applied  together  in  a  straight  forward  manner  to  achieve  large 
FIFO  arrays  (see  Figure  15). 

BIDIRECTIONAL  MODE 

Applications  which  require  data  buttering  between 
two  systems  (each  system  cap^e  of  Read  and  Write  opera¬ 
tions)  can  be  achieved  by  pairing  IOT7200/7201  As  as  shown 
in  Figure  1 6.  Cars  must  be  taken  to  assure  that  the  appropri¬ 


ate  flag  is  monitorMby  each  s^em  (l.e.,  FF  is  monitored  on 
the  de^  where  W  is  used:  EF  is  monitored  on  the  device 
where  R  is  used).  Both  Depth  Expansion  and  Width  Expan¬ 
sion  may  be  used  in  this  mode. 

DATA  FLOW-THROUGH  MOOES 

Two  types  of  flow-through  modes  are  pemSttad:  a 
read  flow-through  and  wrte  flow-through  mode.  For  the  read 
flow-through  mode  (Rgure  1 7),  the  FIFO  permlte  the  reading 
of  a  single  word  after  writing  one  word  of  data  into  an  empty 
FIFO.  ThedataJsenabledonthsbusln(tWEF<fynsafterths 
rising  edge  of  W.  called  the  first  virriie  edge,  and  M  remains  on 
the  bus  until  the  R  line  is  raised  from  low-to-high,  after  which 
the  bus  would  go  into  a  three-state  mode  after  tRHZ  ns.  The 
eF  line  would  have  a  pulse  showing  temporary  de-assenfon 
and  then  would  be  asserted.  In  the  mterval  of  time  that  R  Is 
low,  more  words  can  be  written  to  the  FIFO  (the  subsequent 
wrttes  after  the  Hist  write  edge  will  be  de-assert  the  Empty 
Rag) :  however,  the  same  word  (written  on  the  first  write  edge) 
presented  to  the  Mttiut  bus  as  the  read  pointer,  would  not  be 
incremented  when  R  was  low.  OntoggNngH.theolherwords 
th«  are  written  to  the  FIFO  wil  appear  on  the  output  bus  as  in 
the  read  cycle  timings. 

In  the  write  flow-through  mode  (Rgure  18),  the  FIFO 
permits  the  writing  of  a  single  word  of  data  immediately  after 
rear^  one  word  of  data  from  a  f^  FIFO.  The  R  line  causes 
the  FF  to  be  de-asserted  but  the  W  line,  being  low,  causes  • 
tobeasserted^minanticipationolanewdataword.  Ontta 
rising  edge  of  W,  the  new  word  is  loaded  in  the  FIFO.  TheW 
line  must  be  toggled  when  FF  is  not  asserted  to  write  new  data 
in  the  FIFO  and  to  increment  the  write  pointer. 

For  additional  information  refer  to  Tech  Note  8; 
*Operating  FIFOs  on  Full  and  Empty  Boundary  Conditions' 
and  Tech  Note  8:  'Designing  with  FIFOs'. 


TABLE  I— RESET  AND  RETRANSMIT 

Single  Device  Configuration/Width  Expansion  Mode 


Mode 

1 _ '"Pme _ 1 

1  IntamsI  Status  ! 

1  Outputs  1 

RS 

RT 

Read  Pointer 

Write  Pointer 

EF 

FF 

HF 

Rasat 

0 

X 

0 

Location  Zero 

Locatxrn  Zaro 

0 

1 

1 

Ratransmit 

1 

0 

0 

Location  Zaro 

X 

X 

X 

Raad/Wma 

1 

1 

0 

Incramant*” 

X 

X 

X 

NOTE:  WKWot 

1 .  PoirtiBr  will  incftmtfH  <f  flag  it  High 
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TABLE  II— RESET  AND  FIRST  LOAD  TRUTH  TABLE 

Depth  Expansion/Compound  Expansion  Mode 


Moda 

1  Inputs  1 

1  brtamal  Status  I 

Out| 

puta 

RS 

Ft 

Write  Peintar 

EF 

ff 

Rasat  First  Davnea 

0 

0 

(1) 

Location  Zaro 

0 

t 

Rasat  All  Ottrar  Oavioas 

0 

1 

(1) 

Location  Zaro 

Location  Zaro 

0 

1 

Raad/Writa 

1 

X 

(1) 

X 

X 

X 

X 

MOTE:  antwto 

1  SfliiceniwcWdXrifPotprxvieuxdivicx  S— FigixxIS  fS.H«mlnpuiFDBT«FiwLa«i>TW>»nmil.EF-EinptyFlxg&i»u>.Pr-FlxqFiaQApm. 
21  •  Expantran  Input.  Rr  •  Half-Full  Flag  Oulput 
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APPENDIX  G 


OCTAL  LATCH  TECHNICAL  DATA  (SNJ54LS373) 


SMS4LS373.  SM54LS374,  SMS4S373,  SIIS4S374, 
SN74LS373.  SII74LS374.  SM74S373,  SN74S374 
OCTAL  O-TYPE  TRANSPARENT  UTCHES  AND  EDGE-TRIGGERED  FLIP-FLOPS 

OCTOKR  KTS.REVISfO  MARCH  19W 


Chote*  of  8  LatchM  or  8  0-Typo  Fllp-Flopt 
In  o  SInglo  Packago 

3-Stata  Bua-Oriving  Outputs 
Full  Parallal-Aeeaas  for  Loading 
Bufforad  Comrol  Inputs 

Clock/Ertabla  Input  Has  Hystarasis  to 
Improva  Nolaa  Raiactlon  (‘S373  and  'S374I 

P-N-P  Inputs  Raduca  0-C  Loading  on 
Data  Unas  !'S373  and  'S374I 


'LS373.  -0373 
rUNCTION  TASLt 


OUTPUT 

INAttC 

ENAtLS 

LATCH 

0 

OUTPUT 

L 

H 

H 

H 

L 

H 

L 

L 

L 

t 

X 

Qo 

H 

X 

X 

z 

’IS374.  -S37« 
RUNCTIOM  TAtLi 


OOTFUT 

INAtLE 

CLOCK  0 

OUTWT 

L 

t  H 

H 

L 

t  L 

L 

L- 

L  X 

Qo 

H 

X  X 

z 

SNB4tS373.  tNB4tS374.  SNS4S373. 

SMB4S374  .  .  .  J  Oa  W  MCKAQE 
SM74t4373.  SM74(J374.  SN74S373. 
SN74S374  .  .  .  DW  OH  N  PACKAGE 
ITOP  VKW) 
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SNB4Lt373.  SNB4LS374.  SNB4S373. 
SNS4S374  .  PK  PACKAGE 
(TOP  VKW) 


2  2lg^g 
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dascription 

C  lo>  1S373  H'O  S373  CLK  lor  LS374  ml  S374 

Thasa  B-biT  ragittars  faatura  tbraa-stita  outouU 
daaignad  spacificallv  (or  driving  highly  capacitiva  or 
rtlativatv  low-impadanea  loadi.  Tha  high-impadanca 
third  ttaia  and  incraatad  high-logic-laval  dnva  provide 
thasa  rsgiatars  with  tha  capatHliry  of  baing  connactad 
diractiv  to  and  driving  tha  bus  linas  in  a  bus-organized 
system  without  need  for  interface  or  pull-up  com¬ 
ponents  They  are  particularly  attractive  for  implament- 
ing  buffer  registers.  I/O  pons.  tRdirsctional  bus  drivers, 
and  working  ragistars. 


The  eight  latehas  of  tha  'LS373  and  5373  are 
trsnsparant  O-typa  latches  meening  that  while  tha 
anabla  ICI  is  high  tha  Q  outputs  will  follow  tha  data  lOl 
inputs.  Whan  the  enable  is  taken  low  the  output  will  be 
latchad  at  tha  level  of  tha  data  that  was  set  up. 
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SMS4LS373,  SNS4LS374,  SM54S373.  SMS4S374. 

SN74LS373,  SN74LS374.  SN74S373.  SN74S374 

OCTAL  D  TYPE  TRANSPARENT  LATCHES  AND  EDGE  TRIGGERED  FLIP-FLOPS 


dHcription  (continued) 

Tht  eight  fiip-flops  of  the  'LS374  end  *S374  are  edge* triggered  D-tvpeflip-ftops  On  the  poeitive  trenehion  of  the  clock,  the  Q 
ooipuu  will  be  set  to  the  logic  states  that  were  setup  at  the  0  inputs. 

Schmitt-trigger  buffered  inputs  at  the  enabte/clock  iirtes  of  the  ‘S373  and  'S374  devices,  simplify  system  design  as  ac  srH)  dc 
noise  reiection  is  improved  by  typicaliy  400  mV  due  to  the  input  hysteresis  A  buffered  output  control  input  can  be  used  to 
place  the  eight  outputs  m  either  a  normal  logic  state  (high  or  low  logic  levelsi  or  a  high-impedance  state  In  the  high 
impedance  state  the  outputs  r>either  load  nor  drive  the  bus  Iirtes  significantly. 

The  output  control  does  not  affect  the  internal  operation  of  the  latches  or  flip-flops.  That  «.  the  old  data  can  be  retained  or 
rtew  data  can  be  entered  even  while  the  outputs  are  off 


l09ic  diagrami  (potHiva  logic) 


LS373.  $373 
TfUNSPARCNT  LATCHCS 


XS374.  ‘t374 

mmVE  COOC-TWOQEllEO  FUR-FLOfS 
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SN54LS373,  SN54LS374,  SN74LS373.  SN74LS374 
OCTAL  D  TYPE  TRANSPARENT  UTCHES  AND 
EDGE  TRIGGERED  FLIP  FLOPS 


absolute  maximum  ratings  over  operating  free-air  temperatuie  range  (unless  otherwise  noted) 

Supply  voltage,  (sta  Note  II  . 7V 

Input  voltage .  .  7  V 

Otf-state  output  voltage  .  5.5  V 

Operating  tree-air  temperature  range:  SN54LS‘ . -55°C  to  125“C 

SN74LS- . 0°Cto70‘’C 

Storage  temperature  range . -65°C  to  150°C 

NOTE  1  voitaQ*  waluttt  ar*  IM<|^  raaeaci  to  notevofu  flrouno  tormtnoi. 

recommended  operating  conditions 


ypc  Supply  wQifjQ* 


VQH  Cutout  wOtag* 


I  IQH  H>flh*ltv«l  Output  currant 


'OL  L.O«M-(tvti  Output  current 


^  Pulso  duration 


tfu  Data  Mtup  time 


th  Data  noid  time 


Oparating  frae-air  tamparatura 

IBS 

12s 

0 

^Tn#  tpi  apacif'cation  appttaa  only  tor  data  fraguoncy  Daiow  10  MHa  Ooatona  above  10  MHt  ahouM  um  a  minimum  of  S  na  iCommorciai  onW) 

tl«ctric«l  characteristics  over  racommandad  oparating  fraa-air  tamparatura  range  (unless  oiharwisa  noted) 


aMTdur 


aAaAMCTsa 


High-level  input  voitagt 


V|L  Low-ievti  input  voitaga 


V|K  Input  damp  voitagt 


Vqh  Higrt-ievei  output  voltage 


Vq^  Low-ifvei  output  voltage 


OH  «iate  output  current. 

‘02W 

h<gh.i«vei  voltage  tppiitd 


Oii-stete  Output  current 

’OZL 

■ow'levei  voltage  aooi>ed 


Input  Current  at 
h 

menmum  input  voltage 


TSST  COMDITIOMS^ 


Vcc'MIN.  lf«iemA 


VcC’WIN.  V|h-2V. 
V|  L  •  V|  L"'**.  ‘OH  •  Max 


Vcc*MIN.  V|h*2V. 

'^IL  ■  Vn_ma*  Iql  * 


Vcc-MAX.  V|h«?V. 
Vo  •  2  7  V 


Vcc-MAX.  V,h-2V. 
Vo  •  0  4  V 


Vcc-MAX.  V|-7V 


MIM  TVat  MAX 


'fH  H»gf).»#vel  »npuf  current 


1^^  LOev  level  input  current  j  Vcc  *  MAX.  Vj  •  0-4  V 


IQS  Short  Crrcuit  Output  Current*  VeC  “  MAX 


Vcc-MAX. 

Output  control  at  4  S  V  I  'L5374 


•cc  SoPOiy  Current 


-1» 


27  40 


*  eor  conOitiong  gnewn  at  MIN  or  MAX.  uM  fh«  eoorooriete  veHre  apocified  wr«der  recommended  eoorettrsf  condmont. 
(All  tvoicai  velvet  ere  er  V^c  ”  S  V.  •  29  c. 

4  Net  more  than  one  owtouT  thouid  cw  morteo  at  e  time  and  duration  ot  mo  mort  circuit  thouid  not  eaceod  ona  eacono. 
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SNS4LS373.  SN54LS374,  SN74LS373,  SII74LS374 
CCTAL  D  TYPE  TRANSPARENT  UTCHES  AND 
EDGE-TRIGGERED  FLIP  FLDPS 


switching  charsctcristics.  Vcc  *•  5  V,  Ta  •  26  °C 


pAmuMcm 

FMOM 

TO 

'U373 

•LS374 

mPUT) 

lOUTPOT) 

MM  jyp 

MAX 

MM 

TYP 

MAX 

UNIT 

35 

50 

Km 

<PLM 

12 

18 

rtt 

*PHL 

"  * 

Ct  -  45  of  R*,  •  667  0 

12 

18 

<Pt.H 

Clock  or 

20 

30 

15 

28 

na 

tPML 

anaM 

18 

30 

19 

28 

tp2H 

Output 

15 

28 

20 

26 

'PZL 

Control 

25 

36 

21 

26 

'PHZ 

Output 

Control 

Any  Q 

C|.  -  5  pf .  Rt  «  667  0 

15 

25 

IS 

|] 

na 

Output 

Control 

Any  Q 

Saa  Note  3 

12 

20 

12 

_!L 

na 

NOTES:  2.  M«iimum  clock  froquoncy  >•  tMtad  with  ail  outputa  ioadad. 

3  Load  cireuita  and  voitaga  wavaforma  ara  shown  m  Saotion  l 
*maa  *  maximum  clock  haquancv 

■  propagation  daiay  tima.  iow-to-high-iavai  output 
tpHl  ■  propagation  daUv  ttma.  high  to  iow  tavai  output 
tPZH  ■  output  anaM  tima  to  high  lavai 
tp2L  *  output  anabia  tima  to  low  (aval 
tpH2  *  output  diaabla  tima  from  high  lavai 
tp^  ■  output  diaaCMa  tima  from  low  lavai 


Texas  ^ 
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TTL  Devices 


SN54S373,  SH54S374,  SII74S373,  SN74S374 
OCTAL  D-TYPE  TRANSPARENT  LATCHES  AND 
EDGE  TRI66ERED  FLIP  FLOPS 


schtmatic  of  inputs  and  outputs 


atMOluta  ntaximum  ratings  ovar  oparating  fraa-air  tamparatuta  ranga  (unlass  otharwisa  notad) 


Suopiv  voitagi.  Vgc  (stsNot#  1)  . 7V 

Input  voltagt .  5.5  V 

Ofl-tut*  output  voltage  .  5.5  V 

Oparating  frat-air  tamptraturt  range  SN54S' . -55°Cto12S°C 

SN74S' . O'C  to  70°C 

Storage  temperature  ranga . -65°C  to  150°C 


NOTf  1  Vefti^e  velvet  ere  wiie  retoect  to  netaweak  frowee  teamtnei. 


raesHmnandad  oparating  conditions 


SNsas' 

SN74S' 

MIM  AfOM  MAX 

MINI  NOM  MAX 

Suopiv  vsiiaae.  Vcc 

45  5  55 

4  75  5  5.75 

V 

High-level  output  voiiige.  Vqh 

ss 

5.5 

V 

Hi^.iet^  output  current.  Iqh 

L 

-6S 

Width  of  cfoctt/ewepij  pufee.  tgg 

HifO 

nr 

Low 

7.3  ;  7  3 

Dote  «tup  time.  Igy 

W73 

04  1  W 

m 

•S374 

St  ,  St 

Oeto  hold  tiffte.  t^ 

■M73 

to*  I  lOi 

nt 

‘S374 

Optriting  frtt-Ofr  tifftpernurt. 

-*5  t75  1  0  70  i  C  ^ 

2  888 
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Sli54S373,  SN54S374,  SN74S373,  SN74S374 
OCTAL  D  TYPE  TRANSPARENT  LATCHES  AND 
EDGE  TRIGGERED  FLIP  FLOPS 


•toctrical  charactaristict  ovar  racommandad  oparating  fraa-air  tamparatura  range  (unlaaa  otharwita 
notad) 


PAIUMCTCR 

TIST  CONOITIOMS' 

MM  TYr<  MAX 

1222011 

V|M 

2 

V 

VPL 

0  8 

V 

VlK 

HHIHHSDEI 

V 

vqm 

SN54S' 

2  4  3  4 

D 

SN74S' 

2  4  3  t 

VOL 

Vcc  •  min.  V,h  -  2  V.  V|L  -  0  8  V.  \Qi  -  20  mA 

0  5 

'OZM 

VCC  “  max.  V|h  -  2  V  Vq  -  2  4  V 

'OZL 

Vcc  “  max.  V|h  -  2  V.  Vo  •  0  5  V 

ll 

Pm 

mA 

'PL 

mA 

'os' 

Vcc  *  max 

-40  -too 

mA 

'cc 

Vcc  *  max 

'S373 

outputs  high 

160 

mA 

outputs  low 

160 

outputs  disabiad 

190 

S374 

outputs  high 

110 

outputs  low 

140 

outputs  disabfad 

160 

cut  and  OC  at  4  V.  0  mputa  at  0  V 

ISO 

^Fof  eoAditiont  shown  as  MIN  ot  MAX.  um  tha  approonato  vatuo  apaci^«d  undar  racommondad  oparatng  conditions 
^Aii  tvp*cai  wakiaa  ara  at  -  S  v.  •  2S*C 

^Not  mora  than  ona  output  should  ba  shortad  at  a  t»ma  and  duration  of  tha  shorr-circuit  should  not  axcaej  ona  sacond 


twitching  characttrittict.  Vcc-5V,Ta-25-C 


MAAMITIN 

8flOM 

TO 

TttT  CONDITIONS 

«T3 

w« 

ItniMTI 

lOUTTOTI 

MIN  TV> 

MAX 

mn 

Typ 

MAX 

*r«a* 

75 

too 

MH{ 

'»LH 

Data 

Any  Q 

7 

n« 

>»ML 

Cl  -  i5pF.  rtt  •  a. 

See  Notat  2  and  4 

7 

12 

tpLM 

Dock  or 

Arty  Q 

7 

14 

8 

IS 

h» 

tpML 

anabta 

12 

18 

11 

17 

tPZM 

Output 

Any  Q 

8 

’* 

8 

15 

nt 

tPZL 

Control 

11 

18 

tt 

18 

'AmZ 

Output 

Arty  Q 

CL*Sor,  Aj_-  280n, 

6 

9 

5 

9 

ni 

*PLZ 

Control 

See  Nore  3 

* 

12 

7 

12 

NOTES 

’msa  ■ 
»PtM  • 
tPveL  • 
•PZM  • 
'PZL  ■ 
IPH2  • 

iPt2  • 


2  Mairmum  c>ock  Iraquancv  is  tasted  sii  outputs  >oaded 
4  Load  Circuits  and  vottapa  wavalorms  are  shown  <n  Section  1 
maximum  clock  fraquenev 

propaqat'on  deiav  tima  low  to- high  level  output 
prooeqation  deiav  twna  high  to  low  lavei  output 
Output  enapia  tima  to  high  levai 
Output  enabia  tima  to  low  lavai 
Output  d<saoia  tim#  from  high  lavei 
output  ditabia  tima  from  low  lavai 
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TTL  Devices 


SII54LS373.  SII54LS374,  SNS4S373,  SNS4S374, 

SN74LS373,  SN74LS374,  SN74S373.  SN74S374 

OCTAL  0  TYPE  TRANSPARENT  LATCHES  AND  EDGE  TRIGGERED  FLIP  FLOPS 


OUTPUT 


TYPICAL  APPLICATION  DATA 

■lOIRiCTIONAL  BUS  DRIVER 


o 

(D 

< 

o' 

<D 

(A 


CLOCK  1  H 

BUS 

EXCHANGE 
CLOCK 

CLOCK  2  M 


CLOCK  CIRCUIT  FOR  BUS  EXCHANGE 


EXPANDABLE  4-W0R04VBGIT  GENERAL  REGISTER  FILE 


ENABLE  SELECT 


SELECT  CLOCK 


2-890 
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APPENDIX  H 


OCTAL  BUFFER  TECHNICAL  DATA  (SNJ54LS244) 


SN54LS240.  SNS4LS241.  SNS4LS244.  SN54S240,  SMS4S241,  SNS4S244, 
SN74LS240,  SII74LS241.  SII74LS244.  SM74S240,  SN74S241,  SN74S244 
OCTAL  BUFFERS  AMO  LINE  DRIVERS  WITH  3  STATE  OUTPUTS 

APWIL  1985 -REVISED  MARCH  1988 


3*Stat«  Outputs  Drive  Bus  Lines  or  Buffer 
Memory  Address  Register 

PNP  Inputs  Reduce  D-C  Loeding 
Hysteresis  et  Inputs  Improves  Noise  Msrgins 


description 


These  octal  buffers  and  line  drivers  are  designed 
specifically  to  improve  both  the  performance  and  densi¬ 
ty  of  three-state  memory  address  drivers,  dock  drivers, 
and  bus-oriented  receivers  and  transmitters.  The 
designer  has  a  choice  of  selected  combinations^of  inver¬ 
ting  and  noninverting  outputs,  symmetrical  G  lactiv^ 
low  output  control)  inputs,  and  complementary  G  and  G 
inputs.  These  devices  feature  high  fan-out.  improved 
fan-in.  and  400-mV  noise-margm  The  SN74LS'  and 
SN74S'  can  be  used  to  drive  terminated  lines  down  to 
133  ohms. 

The  SNS4  family  is  characterized  for  operation  over  the 
full  miliury  temperature  range  of  -55'Cto*f25  C  The 
SN74‘  family  is  characterized  for  operation  from  0  C  to 
70  C. 


SMS4LS*  $NS4S'  J  OA  W  PACKAGE 
SN74L$  .  SM74S  OW  OA  N  PACKAGE 
ITOP  VIEW) 


1C 


1A21 

2Y3l 

1A3l 

2Y2( 

IA4I 

2YiL 

gndG 


T 

U20 

2 

19 

3 

18 

4 

17 

5 

16 

6 

IS 

7 

14 

e 

13 

9 

12 

’0  ”1 

SNS41S'.  SNS4S  FK  PACKAGE 
ITOP  VIEW) 


-  O  ^ 
<  O  O'O 

—  —  >  rv 


*2G  for  'LS241  snd  $241  or  2G  for  sH  other  drivers 


schtmctics  of  inputs  and  outputs 


LS240.  LS341.  LS244  S240.  'S241.  '$344 
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TTL  Devices 


TTL  Devices 


SII54LS240,  SN54LS241,  SN54LS244,  SN54S248.  SN54S241.  SN54S244, 
SN74SL240,  SII74LS241,  SN74LS244,  SII74S240,  SM74S241,  SII74S244 
OCTAL  BUFFERS  AND  LINE  DRIVERS  WITH  3  STATE  OUTPUTS 


logic  sytnbolf^ 

'LS240.  'S340 


-7VI 

.m 

.2V) 


’LS344,  ‘S344 


^ThtM  tymbolN  art  in  accordance  with  ANSI/IEEE  Std.  91-1984  and  lEC  Publication  817-12. 


2 


logic  diagrams  (positive  logic) 


^  numbara  shown  are  for  OW.  j.  N,  arid  W  packages. 


absolute  maximum  ratings  over  operating  free-air  temperatura  range  (unless  otherwise  noted) 


Supply  volugc,  Vcc  Now  H . 7  V 

Input  voHn«:  'LSCifCunt . 7V 

'S  Circuits . 5.5  V 

Off  'Statt  output  voltage  . 5.5  V 

Operating  Iree  air  temperature  range;  SN54LS'.  SN54S’  Circuits . -  55  C  to  125°C 

SN74LS'.  SN74S'  Circuits . O'C  to  70*0 

Storage  temperature  range . -  65* C  to  ISO' C 

NOTE  1  Vensas  Sr*  Miin  rggpgct  TO  '^•TMiOro  TOrmsftei 


2  692 
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SN54LS240,  SIIS4LS241.  SNS4LS244.  SN74LS240,  SM74LS241,  SM74LS244 
OCTAL  BUFFERS  AND  LIME  DRIVERS  WITH  3  STATE  OUTPUTS 


rtcommendad  operatin9  conditions 


PARAMETER 


V^C  Supply  vouagt  (im  Nott  1) 


V|H  High-I«vtl  «nput  voltpgi 


V 1 Low>i«v»<  input  voitagt 


*OH  Ht9h*4ty*(  output  curront 


LOyy^tvtl  output  current 


Ta  Ooprating  fr«t^«r  timptrttur* 


NOTE  1  Voit«0*  w«iu«a  ara  Mith  raapact  to  notwork  fl^ouno  tatminoi 

•Metrical  charactaristics  ovar  raoommandad  oparating  fraa^air  tamparatura  range  (uniats  otharwisa  noted) 


SN74L$‘ 


MIN  NOM  MAX  MIN  NOM  MAX 


5  5  SS  4  75  5  5.25 


2  2 


oa 


«  ENMtS*  SN74Lr  .  . 

rANAMETin  TKTeONO.T.Otrtt  I  rv..  1  rv.. 


VfX 


HvtttrvtiS 
IVt*  -  Vt_I 


MIN  TYP|  MAX  I  MIN  TVPt  MAX 


-  1.5 


Vqc  * 

^cc  * 

•oh  “  -  3  TiA 

V|H- JV, 

V|L  •  MAX. 

Vec  -  min. 

IQH  •  max 

V,h"2V. 

v,(_-0.Sv. 

Outputs 

Outouti  iO«%  Vcc  •  max. 

'  ~  Output  OPtn 

AH  outputi 

P««abiad 


LS241.XS244 


LS240 


LS241.LS244 


29  50 


32 


Pof  conoitiona  anowft  at  MiN  o'  max.  uaa  tna  oeD'oetiata  waiuoapact'oO  unOot  raeemmonooo  oparating  cenottioni 
S  All  typical  vaiuoaara  at  •  5  V.  •  3S^C 

^  Not  moro  than  ena  output  ahoutO  oa  anortod  at  a  tima.  and  duration  o*  tha  chort-c>reuit  ahouw  not  aieaao  on#  lacond 

switching  characteristics,  Vrc  ■  5  V.  Ta  ■  25® C 


PARAMETER 


iPLH 


tPHL 


<PZL 


TEST  CONDITIONS 


LS240 


MIN  TVP  MAX 


9  1 


RL-667  n. 
Saa  Nota  2 


•  667  n, 

Sta  Noff  2 


NOTE  2  Load  circuita  and  voitaoa  toavtformt  art  anown  in  Soctiort  i 


Instruments 
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TTL  Devices 


SN54S240,  SN54S241,  SIII54S244.  SN74S240.  SN74S241,  SN74S244, 
OCTAL  BUFFERS  AND  LINE  DRIVERS  WITH  3  STATE  OUTPUTS 


f«comm«nded  operating  conditions 


PARAMETER 

sftsas’ 

SN74S' 

UNIT 

Vcc  SuDO'y  wo  taqe  ‘see  Note  'p  i 

4S  5  55 

4  75  5  5  25 

V 

Vm  H.Qh  >eve  .nput  voitaoc 

7 

2 

V 

Lo*%->eve'  'npui  vOitaoe 

OS 

0.6 

V 

-  15 

mA 

*Ol  Low-  evc<  outoui  cu'rcni 

48 

64 

Externa  regittanca  oetwean  any  inovt  ano  or  ground 

40 

40 

Operating  irec-ai'  temoerature  igee  Note  3l 

-55  125 

0  70 

NOTES  1  V oitS9«  vsiu*«  Mith  r«to«ct  to  ncTworK  B'Ouno  terminal 

3  Art  SN54S241J  ooeretirtg  at  ^ree  e'r  temoerature  above  1 16*C  reouiret  e  beat  tanit  that  providet  a  thermal  retittance  from  caae  to 
free  atr  4*  more  than  40'C'W 

electrical  characteriitics  over  recommended  operating  free-air  temperature  range  (unlen  otherwiie  noted) 


PARAMETER 

TitT  CONDITIONS' 

tN64S' 

SN7W’ 

UNIT 

QQQ2JCSai 

V|K 

V^C  ”  t|  «  -  18  mA 

-12 

-  1.2 

V 

Hvite'esis 

IVt*  - 

Vcc  ‘ 

0.2  0.4 

02  04 

V 

VOH 

Vcc -WIN.  V,„-2V.  V,l-0.BV. 

Iqm  •  -  1  wA 

2.7 

V 

2.4  3.4 

24  3.4 

Vcc*  Min.  v,„-2v.  v,|^n0.5v. 

'OH  •  max 

2 

2 

VOL 

Vcc*  min.  V,h*2V.  V|l*0.8V. 

IQL  *  max 

0.SS 

0.55 

V 

'OZM 

Vcc -VAX.  V|h-2V. 

V|l*0.8V. 

Vo  •  2.4  V 

50 

&0 

UA 

'O-ZL 

vo-o.sv 

-50 

-so 

ll 

Vcc -VAX,  V|.S.8V 

1 

1 

BEB 

Vcc  "MAX.  V,«27V 

50 

50 

uA 

'a 

Any  A 

Vcc  "MAX.  V,-0.8V 

-  '00 

-400 

hA 

Any  G 

-2 

-2 

'OS5 

Vcc  *  “A* 

-50  -225 

-  50  -  225 

'cc 

Cutouts  high 

Vcc ‘Max.  OvToutsopen 

SZ40 

80  123 

80  135 

mA 

95  147 

95  160 

Outputs  'ow 

‘S240 

100  145 

100  150 

120  170 

120  180 

Outputs 

d  MD'ed 

$240 

100  145 

100  150 

$241.  $244 

120  170 

120  180 

^or  eonoittong  gnown  aa  Min  o»  max,  uta  the  aoproprtata  valve  wecified  under  recommended  eperanne  conditpong. 
t  AM  f  voica-  vaiueg  are  -  25*  C. 

«  Not  more  rnar>  orte  Output  fhouid  oe  gnorted  at  a  t«me.  and  duration  of  the  ahort-c»reu<t  thouid  not  eaceed  one  aecono. 
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SNS4S240.  SMS4S241.  SMS4S244.  SII74S240,  SN74S241,  SN74S244, 
OCTAL  BUFFERS  AMD  UME  DRIVERS  WITH  3-STATE  OUTPUTS 


switching  characteristics,  Vcc  *  5  V,  Ta  "  25°C 


PARAMETER 

TEST  CONDITIONS 

'S240 

1341.  -3244 

UNIT 

MIN  TYP  MAX 

OZKQ^C23i 

>FLH 

«L"90n.  Ct-SOoF, 

See  Note  4 

4.5  7 

6  9 

na 

•PHL 

4.5  7 

6  9 

nt 

_ asi _ 

10  15 

10  IS 

ns 

tPZH 

6.5  10 

8  12 

■Oi 

*PL2 

RL“90n,  Cj.-5oF. 

See  Note  4 

10  15 

10  15 

_ iSiU _ 

6  9 

6  9 

0. 

NOTE  4:  Load  eireutta  and  voitao#  wavaforma  ara  shown  m  Saetton  1 . 
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TTL  Devices 


SIIS4LS240.  SNS4LS241,  SN54LS244,  SMS4S240.  SIIS4S241,  SII54S244, 
Si74LS240.  SII74LS241,  SH74LS244.  SM74S240.  SM74S241,  SN74S244 
OCTAL  BUFFERS  AND  LINE  DRIVERS  WITH  3  STATE  OUTPUTS 
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APPENDIX  I 


DUAL  MONOSTABLE  MULTIVIBRATOR  TECHNICAL  DATA 


(SNJ54LS221) 


•  tNM2Z1.  8NB4LS221.  8NM2»  and 

I  8N74L8221  Ara  Dual  Vaftioiia  of  Highly 
8aMa  8N64121.  8N74121  0na'8hata  on 
a  MonoatMc  CMp 

•  8N8CB1  and  8NM221  Oamonatrata 
Baetrleal  and  8wtteMng  Charactafittica 
That  Ara  VMuaHv  Idandcai 

to  tha  8N8«121.  8fmi2l  Ona-Shota 

•  PbvOut  la  Idandcai  to  tha  8NM1Z3. 
8N7«121.  8N84L8m  8N74LS123 

•  Owoftidbig  Ctaar  Tarmlnataa 
Output  Pulaa 


SNS4221.  SMS4LS221,  SN74221.  SN74LS221 
DUAL  MOMOSTABLE  MULTIVIBRATORS 
WITH  SCHMin-TRIGGER  INPUTS 

OCCIMieil  IM3-MVISE0  UMCHtam 

SNS4221.  SN54LS321  J  CM  W  MCKAOC 
SN74221  .  .  .  N  MCKAOE 
•NT4U221  .  .  .  0  Oa  N  MCKAOC 

rroa  vKwi 

VCC 

'Ceict 

IQ 
2Q 
2CLR 
2B 
2A 


TVatCAL  MAXIMUM 

Tyre  rowcR  oumrr  rutsc 

OUMIPATION  UNOTM 

SNB4221  120  mW  21  « 

SN74221  130  <Mliy  20  • 

SNMLS22I  23  mW  40  • 

SN74LS221  23  mW  70  • 

datcription 

Tht  '221  and  'LS221  ara  morMlithic  dual  multi¬ 
vibrators  with  parformanc*  eharacttriatics  virtually 
idtntical  to  thost  of  tht  '121.  Each  multivibrator 
(taturtt  a  ntgativo-traniition-triggarad  input  and  a 
poiitivf -traniilion-triaBarfd  input  aithar  of  which  can 
ba  uiad  as  an  inhibit  inswt. 

PVilsa  triggaring  occurs  at  a  particular  voltaga  laval  and 
is  not  diractly  ralatad  to  tha  transition  tima  of  tha 
input  pulsa.  Schmitt-triggar  input  circuitry  (TTL 
hystarasis)  for  B  input  allows  jittar-fraa  triggerihg 
from  inputs  with  transition  ratas  at  slow  u  1  volt/ 
sacond.  providing  tha  circuit  with  axcallant  noise 
immunity  of  typically  1 .2  volts.  A  high  immunity  to 
VeC  tC't*  of  typically  1 .5  volts  it  alto  provided  by 
internal  latching  circuitry. 

Once  fired,  tha  outputs  ara  indasiandent  of  further 
transitions  of  tha  A  and  B  inputs  and  ara  a  function 
of  the  timing  components,  or  tha  output  pulses  can 
be  terminated  by  tha  overriding  clear.  Input  pulses 
may  be  of  any  duration  relative  to  tha  output  pulse 
Output  oulse  length  may  be  varied  from  35  nano¬ 
seconds  to  tha  maximums  diown  in  the  above  table 
by  choosing  appropriate  timing  components.  With 
I'ext  *  2  kfJ  and  Cext  *  0-  output  pulse  of  typi. 
cally  30  nanoseconds  is  achieved  which  may  be  used 
at  a  de  tnggered  reset  signal.  Output  rise  and  fall 
timet  are  TTL  compatible  and  independent  of  pulse 
length.  Typical  triggering  and  clearing  sequences  are 
illustrated  as  a  part  of  the  switching  characteristics 
waveforms. 


SNS4Lt221  .  .  nc  PACKAOE 
(TOf  View) 


aUNCTIOM  TABLE 
ICACH  MOiaOBTABLEI 


1  IIMUTI 

OUTPUTS 

CtfAM 

A  • 

0  Q 

L 

X  X 

L  H 

X 

H  X 

L  H 

X 

X  L 

L  H 

H 

L  t 

JT.‘  -U-* 

H 

i  h 

XL*  -U-| 

_i _ ^ 

XLl  V* 

Atfo  wt  tfMCnpiion  And  swtichir>9 


I  characwnmci  | 

^This  condition  i«  trut  only  ff  tho  output  ot  th»  t*tch 
fornrod  bv  the  tyvo  NAND  gates  t'as  been  conditioned 
to  the  togic  1  state  pfior  to  ClR  gomg  high  This  <atch 
If  conditioned  bv  taking  either  A  high  or  B  *oiw  while  CLR 
is  inactive  Ihigh) 

^Pulsed  output  patterns  are  tested  during  AC  switching 

at  25*C.  with  =  2  ktt  *  80  pF 
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TTL  Devices 


TTL  Devices 


SN54221.  SIS4LS221.  SN74221,  SN74LS221 
DUAL  MONOSTABLE  MULTIVIBRATORS 
WITH  SCHMITT  TRIGGER  INPUTS 


description  (continued) 

Pulse  width  staoilitv  >s  achieved  through  internat  compensation  and  is  virtually  independent  of  Vqq  and  temperature. 
In  most  applications,  pulse  stability  will  only  be  limited  by  the  accuracy  of  external  timmg  components 


Jitter-free  operation  is  maintained  over  the  full  temperature  and  ranges  for  more  than  six  decades  of  timing 
capacitance  110  pF  to  10  ^F)  and  more  than  one  decade  of  timmg  resistance  12  kH  to  30  kH  for  theSN&4221 , 2  kH  to 
40  kn  for  the  SN74221,  2  kV.  to  70  kfi  for  the  SN54LS221.  and  2  kCl  to  100  kJl  for  the  SN74LS221I.  Throughout 
these  ranges,  pulse  wdtn  is  defirted  by  the  relationship  t^(out)  -  Cext^ext  %  0.7  C«xt^ext  circuits  where 
pulse  cutoff  IS  not  critical,  timing  capacitance  up  to  1000 pF  and  timir>g  resistance  as  low  as  1 .4  k^^  may  be  used.  Also, 
the  range  of  ftter-free  output  pulse  widths  >s  extended  >f  is  held  to  S  volts  and  free-air  temperature  is  25^C.  Duty 
cycles  as  htgh  as  90%  are  achieved  when  using  maximum  recommended  Ry.  Higher  duty  cycles  are  available  if  a  certain 
amount  of  pulse  width  jitter  is  allowed 


2 


The  variance  m  output  pulse  width  from  device  to  device  is  typically  less  than  t  0.5%  for  given  external  timing  compon 
ents  An  example  of  this  distribution  for  the  '221  is  shown  m  Figure  2.  Variations  m  output  pulse  width  versus  supply 
voltage  and  temperature  for  the  '221  are  shown  m  Figure  3  and  4^  respectively 

Fin  assignments  for  these  devices  are  identical  to  those  of  the  SNS4123/SN74123  or  SN54LS123/SN74LS123  so  that 
the  '221  or  ’LS221  can  be  substituted  for  those  products  m  systems  not  using  the  retngger  by  merely  changing  the 
value  of  Rext  *hd/or  C^xt'  however  the  polarity  of  the  capacitor  will  have  to  be  changed. 


TIMINC  COMPONCMT  CONNf  CTIONS 

vec 


TeC^it 

Tewnin«i  T*fm»«ai 

NOTE  Due  to  the  mternel  circuit,  the  '^ever  be 

more  poerftve  therv  the 

Pin  numbers  shown  ere  for  0.  J.  N.  tnO  W  peckeges 

sctMfTiatics  of  inputs  and  outputs 

_ w_ 


iQUIVAl.Ci4T  OP  CACH  INPUT  |  TVPICAl.  OP  ALL  OUTPUTS 


I'lOuT  A  •  4  nH  NOM 

•noui  B  Cl**'  ”  a  Xtl  NQM 


logic  symbol  r 


tA  - 


ICg.,  ,‘J*!  K- 

iPo 


'till 

19'  ^ 


7A. 


2CtP 

I 

**ai  MM 


A 

in. 

p 

R 

Cx 

Rx  CX 

A 

in 

> 

n 

cx 

RX'CX 

I1JJ 


>  10 
JtL  i5 


•  ?Q 


^70 


lEC  Publicetion  617-12. 


'LS221 


iOUtVALENT  OF 
EACH  INPUT 


Vec  ■ 


i 


Input  A 
Input  B 
CiM' 


-•  2S  Vi:  NOV 
»  15  4  Hi:  NOW 
R^  -  T2  5  ki:  NOM 


TYPICAL  Of  ALL  OUTPUTS 
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SM54221,  SN74221 
DUAL  MOMOSTABLE  MULTIVIBRATORS 
WITH  SCHMin-TRIGGER  INPUTS 


racommcndad  op«rating  conditlona 


SNS4221 

IN74221 

M'll.'W.'l.l'.M'M'a 

Supply  uoupop.  vcc 

45  5  55 

4. 75  S  5.25 

V 

High-level  input  voltage  at  A  input.  V|h 

2 

2 

V 

Low-level  input  voltage  et  A  input.  Vti^ 

08 

0.8 

V 

High-level  output  current.  IQH 

-800 

-800 

Low-level  output  current,  Iql 

16 

16 

mA 

Rate  ot  nee  or  fail  of  mput  pulse,  dv/dt 

Schmitt  input.  B 

1 

1 

Logrc  input.  A 

1 

1 

Input  pulse  width 

A  or  6.  tMf(tn) 

SO 

50 

D 

20 

20 

IS 

IS 

ns 

External  timing  resistance.  Rait 

14  30 

14  40 

kO 

External  timing  espacitsnce.  C^it 

0  1000 

0  1000 

if 

Output  duty  cycle 

R,.,  .  2  kO 

67 

67 

a 

»0 

90 

1  Operating  free-air  temperature.  Ta 

-55  125 

0  70 

•c 

•(•ctrical  charactarittica  ovar  racommandad  oparating  fraa-air  tamparatura  ranga  (unlaaa  otharwiaa 
notad) 


PARAMCTtR 

TisT  cONomoMSi 

MM  TV8<  MAX 

UNIT 

Vr  *  Positive-going  threshold  voltage  at  8  input 

Vcc  -  min 

1  56  2 

V 

Vr  •  Hegative-going  threshold  vottege  at  8  input 

Vcc  *  min 

08  135 

V 

ViK  Input  Clamp  voltage 

Vcc  **  min.  I|  •  -I2mA 

-1.5 

V 

VnH  High  ievai  output  voitaga 

Vcc  ■  min.  Iqh  ■  -SOOiiA 

24  34 

V 

vni  Low-iavai  output  voitaga 

Vcc  ■  MIN.  Iql  ^16  mA 

6 

rv 

6 

V 

ii  Input  currant  at  maximum  input  voitaga 

Vcc  •  max,  Vi  -  5  5  V 

1 

mA 

iiH  High-iavei  input  currant 

Vcc  ■  max.  V|  .  2.4  V 

Input  A 

40 

kA 

Input  B.  CMtr 

eo 

III,  Low-lavtl  input  currant 

Vcc  *  max,  V|  .04V 

Input  A 

-16 

mA 

Input  B.  Ci44r 

-3  2 

•os  Short-Circuit  output  currtht^ 

Vcc  *  max 

5N54221 

-  20  -  55 

mA 

SN74221 

-18  -55 

Ice  Supply  Current 

Vcc  *  max 

Quitscant 

26  50 

mA 

T  nggertd 

48  80 

*For  CQndiitons  Shown  as  ViN  or  MAX.  uM  thf  aopro{K>ata  value  spec'heP  under  recommended  ooerating  conditions 
*Aii  typical  values  are  at  V^C  *  5  V.  ■  25 *C 
^Not  more  then  one  output  should  be  shorted  at  a  time 
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TTL  Devices 


SN54221.  SI74221 

DUAL  MOHOSTABLE  MULTIVIBRATORS 

WITH  SCHMrrr-TRIGGER  INPUTS 


twitctiing  eharacttristics,  Vcc  ■  5  V,  Ta  ‘  2S''C 


PAMMCTfn' 

PROM 

(INPUT) 

TO 

(OUTPUT) 

TEST  CONDITIONS 

MIN 

TVP 

MAX 

UNIT 

tPLH 

A 

Q 

45 

70 

8 

Q 

35 

55 

«PHL 

A 

Q 

50 

00 

n« 

B 

0 

r,^  '  iSpf 
^  400  it. 

See  P>Gure  1 
and  Note  2 

'»e*t  *  pr  .  ^  Ktt 

40 

65 

«PML 

Clear 

Q 

27 

nt 

»PLM 

Claar 

Q 

40 

mm 

C*xi  *  80  pF,  *  2  kll 

70 

no 

150 

^wlout) 

A  O'  B 

Q  or  Q 

Cf.t  ■  0.  «,.I  ■  2  in 

20 

30 

50 

nt 

C„,  •  tOOoF.R,,,*  10  kf! 

650 

700 

750 

Cent  -  1  uF  Re.t  ■  10  kl! 

6  5 

7 

5 

mt 

■  Propagation  palav  tima.  tow-to-high-iavai  output 
tpHL  ”  ^opeg«ti«n  0ei«v  time,  high^to-iow-levei  output 
<w(outl  "  Output  pulM  Mipth 

NOTE  2  Load  ctreufU  end  vottege  wevetofms  are  shown  m  Sectior^  l 
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SN54LS221,  SII74LS221 
DUAL  MONOSTABLE  MULTIVIBRATORS 
WITH  SCHMin-TRIGGER  INPUTS 


r«comm«nd*d  operating  conditiona 


8NB44.a221 

aN74LS221 

UBilT 

a.'.!  .'W.'i.i'Wf.ve 

4  5  5  5.5 

4  75  5  5  25 

V 

High-iaval  input  voftapa  at  A  input.  Vm 

2 

2 

V 

Low-favai  mput  yoftaoa  at  B  input,  Vji. 

0  7 

O.B 

V 

High-laval  output  currant.  Iqh 

-400 

-400 

»A 

Low-iavat  output  currant.  lOL 

4 

8 

mA 

Bata  of  riaa  or  fad  of  input  pulaa.  dv/dt 

Schmitt.  B 

1 

1 

v/a 

LopiC  input.  A 

1 

1 

■ESI 

Input  puiaa  width 

A  Of  a. 

50 

50 

a 

Clear. 

40 

40 

i  Ctaar-mactiva-stata  satup  tima.  tg^ 

15 

15 

na 

14  70 

1.4  100 

kO 

Eitamal  timirtg  capacitance.  Cg^t 

0  1000 

0  1000 

«F 

Output  duty  cycle 

Rt  *  2  kQ 

50 

50 

Di 

Rt  -  max  Rg.t 

90 

90 

-55  125 

0  70 

•c 

raeommandad  oparating  conditiona 


PARAMtTCR 

TCtT  CONOmONS* 

SNB41.S221 

SN74U221 

UNIT 

Mm  TYP*  MAX 

Mm  TVP<  MAX 

V^C  *  min 

10  2 

10  2 

a 

Nagativa-BOino  thraahoid 
”  voitapa  at  B  mpui 

Vcc  •  min 

0  7  0  9 

0.8  0.9 

a 

V|K  Input  damp  vottaga 

Vec  ■  MIN,  l|  •  -IBmA 

-15 

-15 

V 

Vqh  High-iavfi  output  vottaga 

Vcc  •  min.  IQH  •  -*00,A 

2  5  34 

2.7  34 

V 

VoL  Low  Kvot  output  votttgo 

Vcc  •  min 

iQL  •  4  mA 

025  04 

0  25  0  4 

V 

lOL  -  8  ttA 

035  05 

Input  currant  at 

li 

maiimum  input  vohaga 

Vcc  ■  max,  V|  •  7  V 

0  1 

0  1 

rnA 

'IH  High  lavai  input  Currant 

Vcc  •  max.  V|  •  2.7  V 

20 

20 

wk 

i|^  Low-<avat  input  Currant 

Input  A 

Vcc  *  max.  V|  -  0  4  V 

-0.4 

-0  4 

mA 

Input  6 

-08 

-08 

Clear 

-0  8 

-0  8 

iQS  Short-circuit  output  currant^ 

Vcc  •  max 

-20  -100 

-20  -100 

mA 

•CC  Supply  -  ‘nt 

Vcc  •  max 

Quiescent 

4  7  11 

4  7  11 

mA 

Triggered 

19  27 

19  27 

conditfons  snown  ««  MIN  or  MAX.  ufO  th«  •ooroonitt  vBtut  tpoCifiOd  undNr  r«cQmrptnded  ooe'^Ntmg  conditions 
*Ail  tvP'CBi  vsiuos  if#  At  V^c  •  5  V  •  25*C 

^ot  moro  th«n  on«  output  should  t>o  shortsd  at  a  tima  and  duration  of  tha  shon-circuit  should  not  aictad  ona  second 
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SIIS4LS221,  SII74LS221 

DUAL  MONOSTABLE  MULTIVIBRATORS 

WITH  SCHMrrr-TRIGOER  INPUTS 


iwitehing  eharacttristics,  Vcc  ■  5  V,  *  2S°C 


MRAMETfR* 

FMOM 

iiNniT) 

TO 

(OUTPUT! 

TEST  CONDITIONS 

MIN 

TVP 

MAX 

UNIT 

tPLM 

A 

Q 

48 

70 

B 

Q 

3S 

66 

tpML 

A 

Q 

80 

60 

• 

Q 

Cl  •  IS  pF. 

^ext  ~  eu  pr ,  n^jif  *  x  rii 

40 

65 

'RML 

Clur 

0 

36 

86 

*PLH 

Clur 

Q 

•  3  Nil. 
See  Figure  1 
end  Note  3 

44 

66 

■31 

^eat  *  to  pF .  *  3  NO 

70 

130 

ISO 

. 

A  or  8 

0  Of  3 

c..t  -  0.  R,„  •  J  »n 

30 

47 

70 

m 

Cnt-  lOOpT.Rn,  -  10  kn 

670 

740 

110 

6 

6.9 

7.5 

rm 

2 


hptH  ■  ^owNONtton  delev  time.  iow*t»-rMOtv-levei  output 
tpHL  ■  ^opdgetton  deiey  time.  htQh  to-low-ievei  output 
twiout)  *  Output  putM  width 

NOTE  3.  Loed  citcutte  end  voHeQO  wevetorme  ete  ehown  m  Sectich  1 
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SMS422t.  SM54LS221,  SM74221,  SN74LS221 
DUAL  MOMOSTABLE  MULTIVIBRATORS 
WITH  SCHMin-TRIGGER  INPUTS 


PARAMETER  MEASUREMENT  INFORMATION 


TMIOCCM  FMOM  •.  THIN  CLtAM-CONOlTlON  1 


Cl£AR 


Q  OUTPUT 


A  -Aovit  >i  iO< 


^ - 

—  >60  "I  -  ■ 

—  _ 

y - - 

TRIOQIR  FROM  •.  THCN  CLiAR^ONDlTlON  2 


3  V 
0  V 
3V 
0  V 
Vqh 
VOL 


trigGEBSO 
- -\ 


a  OUTPUT 


NOT  TRiGGCREO 

npwt  I*  'Ow 


r~^ 


Vqm 

VOL 


CLEAR  OVERRIDING  8.  THEN  TRIGGER  FROM  8 


TRIGGERING  FROM  POSITIVE  TRANSITION  OF  CLEAR 
FIGURE  I^SWITCHING  CHARACTERISTICS 
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SIIS4221.  SN54LS221.  SN74221,  SN74LS221 
DUAL  MONOSTABLE  MULTIVIBRATORS 
WITH  SCHMin-TRIGGER  INPUTS 

PARAMETER  MEASUREMENT  INFORMATION 


2 


»t— 'PLH 


Q  OUTPUT 
tPHL- 


\ 


6  'Hout  •<  high 


A  input 


TRIOOCM  PMOM  A.  THEN  CLEAR 


Z 


2  V 
0  V 

3  V 
0  V 
Vqh 
VOL 
VOH 
VOL 

.  3V 
.  OV 


Q  OUTPUT 


/ 


-  'wloull* 


eS  OUTPUT 


\ 


-'w(out)- 


_ Vqh 

—  Vou 
_  ''OH 

-  VoL 


5 

X 


•  end  SITXff  lAdutt  ere  high 


TRIQQER  EROM  A 


NOTES  A  ineut  put«M  are  tuDP<'ed  ev  gpneratort  heviftg  the  fp**owinf  eharpciariatici.  PAR  <  1  MMi.  Z^gi  «  50  D.  *0^ 
l(  <  7  n«.  tor  LS231 .  tr  <  15  nt  If  A  5  n« 

B  Alt  maaawremantt  are  mada  pefwpen  <ha  1  5  V  potnta  of  tha  indicatad  tranutiona  tor  tha  '221  or  bataraan  tha  1.3 
LS221 


FIOURE  t-iWiTCHING  CHARACTERISTICS  ICONTINUED) 
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AlM(out)- variation  in  Oulput  Pulse  Width 


SIIS4221,  SN74221 
DUAL  MONOSTABLE  MULTIVIBRATORS 
WITH  SCHMin-TRIGGER  INPUTS 


TYPICAL  CHARACTERISTICS  ('221  ONLY)1 


DISTRIBUTION  OF  UNITS  VARIATION  IN  OUTPUT  PULSE  WIDTH 

for  vs 

OUTPUT  PULSE  WIDTH  SUPPLY  VOLTAGE 


tw(out)“Output  Pulse  Width  Vcc-Supply  Volt»o#-V 

PiGUflE  2  FIGURE  3 


VARIATION  IN  OUTPUT  PULSE  WIDTH 
vs 

PREE  AIR  TEMPERATURE 


-75  -50  -25  0  25  50  75  100  125 

T^  -Frte  Air  Temper*tur€-'’C 

FIGURE  4 


OUTPUT  PULSE  width 
vs 

TIMING  RESISTOR  VALUE 


Resistor  Vslue-k^ 

FIGURE  S 


4  Th«f«  vfijM  o*  FOT'tianci  axcMO  maaimum  r«eoFnm«noM  foF  u«4  Ov«p  in*  tu'i  'ariQa  of  1H«  SN54321 

^Oata  *ot  Tamparaturat  oa<ow  0‘’C  and  aoova  TO  C.  ano  *0'  tuoo'v  vonafat  oaiow  4  7S  v  and  aeova  5  3S  v  aft  aooi>eab<a  for  ma  SNS4331 
omv 
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APPENDIX  J 


DUAL  D-TYPE  FLIP  FLOP  TECHNICAL  DATA  (SNJ54LS74A) 

SMS474,  SM541S74A,  SMS4S74. 
SII7474,  SM74LS74A.  SN74S74 
DUAL  D-TYPE  PQSITIVE-EDGE-TRIGGERED  FLIP-FLDPS  WFTH  PRESET  AMD  CLEAR 

MCEMK*  I  M3  -  KVISEO  MMCH  1M( 


Package  Options  bickida  Plastic  "SmaM 
OutNna"  Psekagaa.  Csfamic  Chip  Carrtart 
and  Flat  Psekagaa,  and  Plastic  and  Caramic 
DIPS 

Oopandabia  Taias  Inatrumonta  Qualtty  and 
Rakabillty 


description 


Th«M  davicat  contain  Mo  indapandant  O-typa 
powtiva-adga  triggafad  ftip-ftopt.  A  low  laval  at  iha 
praaat  or  claar  inputs  tats  or  rasats  tha  outputs 
ragardtass  of  tha  lavals  of  tha  othar  inputs.  When  pratat 
and  clear  are  inactive  I  high  I .  data  at  tha  0  input  maating 
tha  setup  time  raquiramants  are  transferred  to  tha 
outputs  on  tha  positive-going  adga  of  tha  clock  pulse. 
Clock  triggering  occurs  at  a  voltage  level  and  it  not 
diraetty  ralatad  to  tha  rise  time  of  tha  clock  pulsa. 
Following  tha  hold  tima  interval,  data  at  tha  0  input  may 
be  changed  without  affecting  tha  lavais  at  tha  outputs. 

Tha  SNS4'  family  is  charactarUad  for  operation  over  tha 
full  military  tamparatura  ranga  of  -5S°C  to  f2S°C. 
Tha  SN74'  family  is  charactariiad  for  oparation  from 
0<>Clo70°C. 

FUNCTION  TABLE 


INPUTS 

OUTPUTS 

Fat  CLa  CLK  0 

Q  0 

u  H  XX 

M  L 

ML  XX 

L  H 

L  L  XX 

M*  H* 

X 

X 

X 

H  L 

1  H  H  •  L 

L  M 

X 

X 

X 

Qo  3b 

^  OurouT  >n  ihif  cO''*ifUTttion  not  9M«F«ntMd 

to  dWOOT  IRO  iVfifhimuFR  iOvOlf  'R  if  tRO  'Oavt  Ot  O'OMt 
•oO  V,^  rnggidrakim  PkaffROFfROFO.  »R<1  COR- 

<>9u'«t'OR  ••  RORITOeiO  iRat  ■!  wll  ROt  Rr^OR 

•itROr  O'OMt  O'  door  rotu'R*  tO  iROCtivO  (RifRt  lOvOi 


logic  symbol* 


•^R|»  gymbo'  't  ‘R  acCOfOtRCt  'R^'t^  ANS*  •€€£  Std  9V1984 

•RO  tfC  PuD^'catiOR  6  ’  7  ’  2 
PiR  RvitRDt'S  SROWR  A't  *0'  0  J  N.  ORtf  W  p«Cli«9«t 


SN5474  .  .  J  MCKAOC 
SNMI.S74A.  SNMt74  ,  .  J  OH  W  MCKAOl 
SN7474  .  .  .  N  MCKAGf 
SN74LS74A.  tN74S74  .  D  OA  N  AACKAOE 
rroA  VKW) 


iClR^ 

IDQf 


'  '<pvcc 
'3h2CLR 


1CLKL3  12320 

iRSECa  1O2CLK 
lOCs  1032PRE 
iSCs  9D2Q 


SNS474  .  .  .  tW  FACKAOC 
ITOPW*W) 


n 

J  i*3iPRE 

7 

13310 

3 

’7Dia 

4 

"Dgno 

s 

I032S 

6 

9  320 

7 

2CLKq_> _ 8p2PRE 

SNB4LS74A.  SNB4S74  .  .  FK  FACKAOf 

rrop  VKWI 


oidu  Sg 

^  Z  >  CN 
LJOLJOLJ'' 
3  3  1  20  19 


1CLK 

]‘ 

'•C 

20 

NC 

]» 

I7C 

NC 

iRtE 

]6 

!•[ 

2CLK 

NC 

]» 

1»[ 

NC 

10 

]• 

t4[ 

2R5E 

9  to  It  12  13 

10  O  V  )0  o 
z  z 

o 


NC  -  No  iRtOTRO*  eORROCTiOR 


logic  diagram  (positivs  logici 
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SIIS474,  SN7474,  SIIS4S74,  SII74S74 

DUAL  D  TYPE  P0SITIVE-ED6E  TRIGGERED  FLIP-FLOPS  WITH  PRESET  AND  CLEAR 
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SII5474.  SII541S74A.  SIIS4S74. 
SN7474.  SII741S74A.  SM74S74 
DUAL  D  TYPE  POSITIVE-EDGE-TRIGGERED  FLIP-FLOPS  WITH  PRESET  AMD  CLEAR 


ictMmatic 


'LS74A 


abMlut*  maiicmim  ratlnya  ovar  oparating  fraa-air  lamparstura  ranga  (unlaaa  otharwiaa  notadi 


Supply  voltiga,  Imp  Noia  1|  7V 

Input  voltaga:  74,  '574  .  5.5  V 

■t:S74A  7  V 

Oparating  fraa-air  tamparatura  ranga:  SN54’ .  -  55'’C  to  125®C 

SN74-  .  0°C  to  70*0 

Storage  tamparatura  range .  .  -65°C  to  tSO'C 


NOTE  I  Vonaga  vaiuaa  ara  antn  raapact  to  natwora  ground  tarmmat 
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SII5474,  SN7474 

DUAL  O  TYPE  POSITIVE  EDGE  TRIGGERED  FLIP^LOPS  WITH  PRESET  AND  CLEAR 


recommended  operating  conditions 


SN5474 

$N7474 

UNIT 

MIN  NOM  MAX 

MIN  NOM  MAX 

45  5  55 

4  75  5  5  2S 

V 

V|H  '^'9”  nou*  vo'iage 

2 

2 

V 

08 

V 

IQH  H-gh'itvC  Output  Current 

-04 

-  0  4 

BQl 

fQL  LOW-  evei  Output  cu'-er'i 

16 

Pulse  durstior^ 

CUK  h.gn 

30 

30 

ns 

CLK  :ow 

37 

37 

O'  Cuft  ‘Ow 

30 

30 

20 

20 

ns 

Input  hQtd  time-data  afts'  ClK  * 

5 

5 

os 

Ta  Operat  ng  trec'Sir  tempe-ature 

-55  125 

o 

sa 

O 

'"c 

electrical  characteristics  over  recommended  operating  free-air  temperature  range  (unless  otherwise  noted) 


PARAMETER 

TESTCONOiTIOMSl 

SNM74 

SN7474 

— 

UNIT 

V|K 

Vcc  *  If  •  -  12  mA 

^TT 

-  1.5 

V 

VOM 

Vcc'MIN.  V(h-2V.  V|l-08v. 

IQH  *-04  mA 

24  3.4 

24  3.4 

V 

VOL 

Vcc*MIN.  V,h-2V.  V|l-0.8V. 

Iql  •  "‘A 

0.2  04 

m 

h 

Vcc'MAX.  V|«55V 

1 

1 

H 

0 

Vcc- MAX,  V1-24V 

40 

40 

xA 

CLP 

120 

120 

Ail  Other 

*? 

80 

l|L 

0 

Vcc- max.  V|-04V 

-vs 

-  1.6 

mA 

wt* 

-  1.6 

-  1.6 

cl^i 

-3.2 

-3.2 

CLK 

-3  2 

-3  7 

'OS^ 

Vcc*  max 

-20  -57 

-18  -57 

mA 

'CC» 

Vcc -max.  SaaNote2 

8.5  15 

8.5  15 

^Por  condtt»ont  •^own  •«  MIN  o*  MAX  u««  •ppfOpr'Ct*  v«iu«  un0«r  rteommpnOtO  opprptmg  conpitiont 

*A»  tvD<Ctl  vpluPl  ti  Vcc  ■  5  V.  TJ^  ■  25 ‘C 

with  (KfMt  high  tnd  pfdMt  ••  ttittd  wdh  ciddr  high 
^Not  mort  thaf>  oh«  Output  thouid  bo  ohown  at  a  tima 
^Avofogo  oor  tiip  fioo 

NOTE  2.  With  all  outputs  opon.  1^^  la  moasurad  with  tha  Q  and  S  outputs  high  m  turn  At  tha  tima  of  maasuramant.  ina  clock  K>put  is 
grouhdad 


switching  charatcristics,  Vcc  -  5  V,  Ta  *  25'^C  (see  nota  3) 


parameter 

FROM 

(INPUTI 

TO 

lOUTPUTI 

TEST  CONDITIONS 

UNIT 

^max 

15  25 

tpLM 

P^  O'  CLR 

Q  or  Q 

25 

r>s 

*PML 

40 

n$ 

’Plh 

CLK 

Qor  5 

14  25 

ns 

‘Pml 

20  40 

ns 

NOTE  3  Load  circuits  snd  voUaga  wavaforms  art  shown  m  Stetson  i 
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SIIIS4LS74A,  Sli74LS74A 

DUAL  D  TYPE  POSITIVE  EOGE  TRIGGERED  FLIP-FLOPS  WITH  PRESET  AMO  CLEAR 


rfoomiiMndad  oparating  conditions 


SNS4LS74A 

SN74L$74A 

UNIT 

MIN  NOM  MAX 

nmrraBTB!! 

Vpr  Sopeiy  voxage 

45  5  5.5 

V 

ViH  Hioh-iovei  input  voltage 

7 

3 

V 

Vii  Loiw-iovol  input  voltaoa 

07 

0.8 

V 

lOH  High-lovol  output  currant 

-0.4 

-0.4 

*OL  Lovv-ltval  output  currant 

4 

8 

Iclock  Clack  (raoutncv 

0  35 

0  35 

Pulia  duration 

35 

35 

ni 

35 

35 

tgy  Setup  time  bafora  CLK  t 

High'iovoi  data 

20 

20 

«* 

LoM-iavti  data 

30 

30 

tn  Hold  tima^data  after  CLK  f 

5 

5 

n» 

Ta  Operating  frarair  tamparatura 

-55  135 

0  70 

•c 

tiactrical  charactaristict  ovar  raoommandad  oparating  fraa-air  tamparatura  ranga  (unlan  otharwisa  notad) 


MHAMITIM 

TISTCONOITIONSt 

SNB4LS74A 

8N74Lt74A 

UNIT 

CESQ2M2a 

V|K 

-1.5 

-1.5 

V 

Vqh 

Vcc*MIN.  V|h-2V.  V||^*MAX. 

•oh  •  -0.4  mA 

3.5  3.4 

2.7  3.4 

D 

VOL 

VCC'MIN.  Vm  •  MAX.  v,„-av. 

Iql  "iX 

S 

Vcc'MIN.  V|1.»MAX,  V|H*tV. 

Iql  *•  "1* 

■ 

EEI333M 

Vcc*MAX.  V(-7V 

0.1 

0.1 

td34C9UtLi 

0.2 

0.2 

Vcc*M**.  VI-J.7V 

30 

20 

«A 

40 

40 

'IL 

0  or  CLK 

Vcc"MAX.  V|«0.4V 

-0.4 

-0.4 

mA 

-OJ 

-0.8 

'osl 

Vcc'WAX,  Sae  Note  4 

-30  -  100 

-30  -100 

'Bsm' 

'CC  iTotHi 

Vcc-MAX,  S44Non2 

4  8 

4  8 

LJUV 

*  Por  eondif I0«n  «  Ml  N  or  MAX .  wM  •OO'OO'ICT#  v*lu«  «p«cif 'M  un0«r  r»CQmni«no«d  OP«r«tin9  conditiont. 

I  AH  fvpteai  ¥«iy«g  art  at  ■  9  V.  *  3S*C. 

I  mora  tttan  on#  output  aAouid  bo  abortod  at  a  timo.  and  tbo  duration  ot  tn#  ghprt  ci'cuit  tnouid  not  aacood  ona  Mcond. 

NOTK  3  With  all  outputa  opon.  l^^  >9  moaaurod  nntti  tha  Q  and  Q  outpwta  m  turn  At  tha  uma  of  rnoaauramant.  tha  c>ock  >nput  >a 
groundad. 

NOrc  4  Por  eortam  oav'caa  wnara  atato  commutation  can  ba  eauaad  by  anortmg  an  output  to  ground  an  aau'vaiant  taat  may  ba  oarforn>od 
witn  Vq  ■  3.39  V  and  3  139  V  for  tha  94  family  and  ttta  74  family,  ragpact'vaiy.  wth  tha  mmimum  and  maximum  iimita  raducad  to 
orta  half  of  thoir  gtatod  vaiuoa. 


switching  characMristics,  VcC  *  5  V,  Ta  *  2S'’C  (sae  note  3) 


PARAMfTm 

PROM 

(INRUTI 

TO 

(OOTPUTI 

TEST  CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

*mk« 

35 

33 

dTIWO 

fPLM 

CLR.  or  CLK 

.. 

•  3  xn.  Cl  ■  15  oP 

13 

35 

ni 

'PML 

35 

40 

n* 

Neta  3  Load  circuita  and  voftago  wavoforma  art  anowm  m  Sactron  i 
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TTL  Devices 


SNS4S74  SN74S74 

DUAL  0  TYPE  P0SITIVE  ED6E  TRIGGERED  FLIP-FLOPS  WITH  PRESET  AND  CLEAR 


recomnwicted  operating  conditions 


‘  SuOD  V  vottag* 


V|H  Hign-i«vC!  input  vo>t*9C 


LoM-<»vt'  input  vo'tagc 


*Om  High-'tw*'  output  cu^tgni _ 


'OL  Lom>i*v«i  output  Cu'rtnt 


ty^  Pulse  duration 


tgu  Setup  time.  be<ort  CLK  t 


Input  hold  time  data  alter  CLK  * 


Oparat'ng  free-a  r  temperature 


SNS4S74 


MIN  NOM  MAX 


S  5  5  S  i  4  75  5  5.2S 


CLK  'Odtt 


High-level  data 


•lactrical  eharactarittics  ovar  raeommanded  operating  fraa-air  tamparatura  ranga  (uniats  otharsvita  notad) 


tNtU7« 


MNAMETiN 


^OM 


TIST  CONDITIOMS' 

Vcc  * 

l|  •  -  18  mA. 

Vcc  * 

V|h*2v.  V|,.-oav. 

IQM  •  -  1  mA 

liiiJSQal 


Vcc«MAX.  Vi- 2.7  V 


Vcc*MAX.  V|-0.5 


Vcc  •  »*** 

-40  -100 

•>40  -100 

Vcc  •  “''AK.  Sea  Not#  2 

15  25 

15  25 

'Ppr  cohddione  fhown  ee  MIN  or  MAX.  uee  the  eooroortate  value  aoeciTtad  under  recommended  operatmo  condtiona 
*Aii  tvoicei  vetuea  ere  at  v^c  *  9  v.  •  25*C 

^Not  more  Then  or«e  output  ahouid  be  ahorred  at  e  time,  ertd  the  duretidn  of  the  ehon  circuit  ahouid  not  eiceod  one  aeeond 
Icteer  le  teeted  with  preeet  high  ersd  preeet  la  teated  with  dear  high 
^Ai^ege  pe*  ♦•ip-hop 

note  2  With  eH  outputa  open  le  meeaured  with  the  Q  end  ^  outputs  high  m  turn  At  the  time  of  meaauremeni.  the  dock  <nput  le 
grounded 


switching  chcrtetcristics.  Vcc  *  $  V,  Ta  *  25^C  (sm  nott  3) 


TC$T  CONDITIONS 


TO 

(OUTPUTI 


MIN  TYP  MAX  UNIT 


75  no 


CLK 


NOTE  3  Load  circuits  vx)  vdtege  waveforms  ere  shown  m  Seciton  ^ 
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APPENDIX  K 


QUADRUPLE  POSITIVE  NAND  GATE  TECHNICAL  DATA 

(SNJ54LS00) 

ISM5400,  SN54LS00.  SN54S00. 

Sli7400,  SII74LS00,  SM74S00 
QUADRUPLE  2  INPUT  POSITIVE-NANO  GATES 

_ _ OCCEMBCK  1983  -NEViSID  MARCH  1988 


•  Pac'xag*  Optkxit  Induda  Plaatic  "Small 
Outllna"  Packapaa.  Caramic  Chip  Carriara 
and  Flat  Packagaa.  and  Plaatk  and  Caramic 
OlPa 

•  OapandaMa  Taaaa  Inatrumanta  Quality  and 
RakabiUtv 

daacription 

Thesa  devices  contain  four  independent  2-input- 
NANO  gates. 

The  SNS400.  SN54LS00.  and  SN54S00  are 
characterized  for  operation  over  the  full  military 
temperature  range  of  -  S5“C  to  1 2S®C.  The 
SN7400.  SN74LS00.  and  SN74S00  are 
characterized  for  operation  from  0*C  to  70  “C. 

fuNCnoNTAaLi  (each  gata) 

IhPUTa  OUTPOT 

at  V 


SNS400  J  PACKAGE 
SN54«.SOO.  SNS4S00  J  OP  W  PACKAGE 
SN7400  N  PACKAGE 
SN74U00.  SN74S00  0  Oft  N  PACKAGE 

(TOP  VIEW) 

1A  □'  Ul4p  Vcc 
IBC2  17^48 
1YC3  >2D4A 
2AC4  t04V 
2BCs  10^38 
27  C  6  9  3  3A 


SN5400  .  .  W  PACKAGE 
(TOP  VIEW) 


1YC3  12D4A 
vccC4  iOGND 
2VCS  I033B 
2AC6  9]3A 


logic  aymboll 


SN541SOO.  SNS4SOO  FK  PACKAGE 
(TOP  VIEW) 
u 

CD  <  U  U  B 
-  -  2  >  ^ 


iy  jn 

'SQ  4A 

NC  ]5 

'ry  NC 

2A  ]6 

>6  y  4Y 

NC  ]  7 

'S  Q  NC 

28  ]b 

'*  Q  38 

9  10  n  1?  n 


>  o  u  >  < 

Pd  2  2  ^ 

O 


HC  •  No  >ni#»n#l  cOrmtctiO*' 

'Th.,  Jvmttoi  «  n  aceora.nct  «.m  ANSI  IEEE  Std  91  1984  and  logic  diagram  Ipotitiva  logic) 
lEC  Pvoiicai.on  817  1 J  V  »  « 

P.n  numotrs  irionrn  are  *or  0  J  and  N  ptChtgtS  lA  I 


Y  A  8  or  Y  4-3 


TTL  Devices 


SN5400,  SNS4LS00.  Sli54S00, 

SN7400.  SN74LS00.  SIII74S00 
QUADRUPLE  2  INPUT  POSITIVE  HAND  GATES 


SNS400,  SM7400 
QUADRUPLE  2-INPUT  POSITIVE  NAND  GATES 


racommcndad  op«rating  conditions 


SN&400 

SN7400 

UNIT 

MIN  NOM  MAX 

MIN  NOM  MAX 

Vcc  tuppty  weitOdt 

AS  S  SS 

4  75  5  5  25 

V 

V|H  High-iovoi  input  vottogt 

3 

2 

V 

V|L  Low-tfvti  input  vottagt 

08 

08 

V 

IQH  Hign.iovoi  output  current 

-  04 

-04 

tot  Low-itvol  output  curront 

16 

16 

mA 

Ta  Oporsimg  froo-sir  ttmporsturo 

-SS  13S 

0  70 

°c 

•Metrical  charactafittics  over  racommanded  operating  fraa-air  tamparatura  range  (unless  otherwise  noted) 


PARAMCTER 

TEST  CONDITIONS  t 

SN5400 

SN7400 

UNIT 

MIN  TVPt  MAX 

MIN  TVPI  MAX 

V|K 

Vcc  *  ‘  12mA 

-  1  5 

-  1  5 

V 

VQM 

^CC  *  V|l*0.8V.  Iqm*- 0.4  mA 

34  3.4 

2  4  3  4 

V 

VOL 

0.2  0  4 

0  2  04 

V 

M 

Vcc  •  WAX.  V|*5.5V 

1 

1 

mA 

>IH 

Vcc  •  WAX.  V|  •  2.4  V 

40 

40 

mA 

'IL 

Vcc*  WAX,  V|«0.4V 

-  1  6 

-  1  6 

mA 

'OS* 

Vcc  * 

-20  -55 

-  18  -  55 

mA 

'CCH 

Vcc  "WAX.  Vi-OV 

4  8 

4  8 

mA 

'CCL 

Vcc  "WAX,  Vf45v 

12  22  , 

12  22 

mA 

t  m  M>N  or  MAX.  uM  tftO  OOOrOOr<«1«  v«tw«  tOOCifiOO  wnoor  rOCOmtttonOOO  OOOroting  eortd>tion». 

I  Alt  tvoieat  vOiwM  oro  •<  *  9  V. 

f  Not  rvioro  mofi  ono  owtput  ahouio  OO  chortod  ot  •  timo. 


twitching  ehcraettrittict.  Vcc  ■  5  V,  Ta  ■  25®C  nott  2) 


fANAMfTEA 

pnoM 

(IN^JT) 

TO 

lOUTPUTI 

TEST  CONDITIONS 

tPLM 

A  or  8 

Y 

Rl-AOOH.  Cl-15oF 

*PML 

MAX 


UNIT 


72 

15 


n$ 


n» 


NOTE  2  Load  circuits  tnd  voiT090  iNovtfofms  «r«  shown  m  Soct>on  1 


Texas  ^ 
Instruments 

*OS*  O^f'CI  sox  SSSOU  *  OAu«S  TfHAS  7S2SS 


238 


TTL  Devices 


SN54LS00,  SN74LS00 

QUADRUPLE  2  INPUT  POSITIVE  NAND  GATES 


racomiTMnded  operating  conditions 


SN54LS00 

SN74LSOO 

UNIT 

MIN  NOM  MAX 

MIN  NOM  MAX 

Vcc  Suoo'v  vO'faQc 

4  5  S  SS 

4  75  5  5  25 

V 

2 

2 

V 

V|^  LOw-icvei  'nout  vo'tag* 

0  7 

0.8 

V 

iqh  Hign  >tw»i  outoul  cu'ie'^t 

-  04 

-04 

ITlA 

*0L  OulOut  Cuf'*'’! 

4 

8 

mA 

Oo*fit  nq  '  ta^iocafu'* 

-55  125 

o 

o 

electrical  characteristics  over  recommended  operating  free-air  temperature  range  (unless  otherwise  noted) 


PARAMETER 

TtST  CONDITIONS  t 

SN54LS00 

$N74LS00 

UNIT 

MIN  TVRt  MAX 

MIN  TVRI  MAX 

V,K 

Vcc  •  'i  *  -  18  mA 

-  1.5 

-  1  5 

V 

X 

o 

> 

Vcc  ■  NIIN  V,^*MAX  Io„--04.»A 

25  34 

2  7  3  4 

V 

VOL 

Vcc  •  h*2V,  iql  •  4  mA 

02S  04 

025  04 

V 

Vcc  •  NIIN.  V|H-}V.  iQc-SmA 

035  0.5 

'I 

Vcc  ■  “**•  V|  •  7  V 

0  1 

0  1 

mA 

•iH 

VCC  "WAX.  V|-27V 

20 

20 

mA 

IlL 

Vcc  “WAX.  V|-04V 

-04 

-04 

mA 

'OS* 

Vcc  * 

-20  -  100 

-20  -  100 

mA 

•CCM 

Vcc  •WAX,  V,«0V 

0  8  16 

0  8  1  6 

mA 

'CCL 

Vcc 'WAX,  V|-45V 

2  4  44 

24  44 

mA 

t  P  O'  ee<^e'i‘e''«  •Ae«'n  m  Min  O'  max.  wm  •eo'OOf<et«  «etye  ynoer  r^cemmtndee  oofKPtmg  cend'tiont. 

I  All  fve<««<  et  Vcc  •  9  V.  •  39®c 

I  NOI  'ne'V  tA«n  en«  ouTOut  •^ewld  M  iHoriM  at  •  tne  tbe  du'et'On  of  ttt«  lAert-CBrew.t  thdwfd  not  OBCOOd  eno  Mcend 


switching  characteristics,  Vcc  “  5  V,  Ta  ■  25°C  (tee  note  2) 


RARAMETER 

PROM 

UNRUT) 

TO 

(OUTRUTl 

TEST  CONDITIONS 

MIN  TVR 

MAX 

UNIT 

IPUH 

A  or  B 

C|,  •  15  pp 

9 

15 

1RHL 

10 

IS 

n» 

note  2  toed  circuits  en^  voiisge  nvtvtforms  arc  shown  m  Sectio't  ^ 


2  6 
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SNS4S00,  SN74S00 
QUADRUPLE  2  INPUT  POSITIVE  NANO  GATES 


racommandad  oparating  conditions 


SN54SOO 

SN74S00 

UNIT 

MIN  NOM  MAX 

MIN  NOM  MAX 

VqC  vOlldQt 

45  5  5  5 

4  75  5  5  25 

V 

V|H  H>9h.ltv«|  input  dOit4Q« 

2 

2 

V 

V||^  LOthfitvtl  input  vOlt*9« 

OB 

08 

V 

*0H  H»9n>l«v«i  output  Current 

-  t 

-  1 

mA 

*0L  Louw-icvei  output  Currertt 

20 

20 

mA 

Ta  Operating  tree*air  temperature 

-55  125 

0  70 

aiactrieal  charactarittics  ovar  racommandad  oparating  fraa-air  temparatura  ranga  lunlast  otharwiu  notacU 


PANAMfTBR 

TtST  CONOITIONt  t 

SN54S00 

SN74S00 

UNIT 

MIN  TVP|  MAX 

MIN  TVPt  MAX 

V|K 

VCC  *  l|  ^  -18  mA 

-1  2 

-12 

V 

VOM 

V^C  *  V,l*08V  •  -  t  mA 

2  5  3  4 

2  7  34 

V 

VOL 

Vcc  •  V,h*2V,  IO(^*20mA 

05 

05 

V 

'l 

Vcc  "  WAX.  V,  •  55  V 

1 

1 

'IM 

Vcc  •  WAX.  V,  •  2  7  V 

50 

50 

uA 

'IC 

Vcc  ■  WAX.  V,  •  05  V 

-2 

-2 

mA 

'os* 

Vcc  '  WAX 

-40  -100 

-40  -100 

mA 

'CCM 

VCC  *  WAX.  V(  •  0  V 

10  16 

10  16 

mA 

•CCL 

Vcc  ‘WAX,  V,  •45  V 

20  36 

20  36 

mA 

t  *0'  «•  MlN  0^  MAX.  wM  •C0'00''4t«  0&tt«t>n9  eono*t>Oni. 

t  Ail  1vp<C«t  tt  9  V.  a 

I  Not  m«r«  trtpft  on«  pwtogt  0«  tnO'IM  «t  •  tno  t^•  Pwtpt'O*'  O*  rn.9  ghott  c  t  tnow>0  ^et  •aCMO  MCOt'O 


twitching  ehafactarittia.  Vqc  ”  S  V,  Ta  *  25'’C  (saa  nota  2) 


PROM 

(INPUT) 

TO 

(OUTPUT) 

TtST  CONDITIONS 

MIN  TYP 

MAX 

UNIT 

IPLH 

*  280  11. 

■1 

3 

45 

fpWL 

3 

5 

o« 

'PCM 

.  0e 

45 

IPMC 

5 

•-t 

note  2  LOdO  C'^cu'ts  »"d  »0'Tig«  at*  r  Sec:  o'^  ’ 
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APPENDIX  L 


SUMMARY  OF  DATA  WORDS  LOST  FROM  ORIGINAL  MUSTANG 

FLIGHT  DATA 


Word  in  Wavelength 


1800.000 


1803.133 


1806.266 


1809.399 


1812.532 


1813.665 


1818.798 


1821.931 


1825.064 


1828.197 


1831.330 


1834.463 


1837.596 


1840.729 


1843.862 


1846.995 


1850.128 


1853.261 


1856.394 


1859.527 


1865.793 


1868.926 


1872.059 


1878.325 


1881.458 


1884.391 


1887.724 


1890.857 


32 

1897.123 

33 

;'X)0,256 

34 

1903  389 

35 

1906.522 

36 

1909.635 

37 

1912.788 

38 

1915.921 

39 

1919.054 

40 

1922.187 
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APPENDIX  M 


ITT  IMAGE  INTENSIFIER  TECHNICAL  DATA 


ITT 


ELECTRO-OPTICAL 
PRODUCTS  DIVISiON 

3700  East  Pontiac  Street 

P.O.  Box  3700 

Port  Wayne,  Indiana  46801 


-DATA  SHEET  1- 

-PROXIMITY  FOCUSED  CHANNEL  INTENSIFIER  TUBE  - 
TUBE  S/N  XXH0967 


1.0  OUTLINE  DRAWINGS 


2.0  ELECTRICAL  SCHEMATIC 
Photo¬ 


cathode  MCP 

r\'“ 


-hv 


M 


in 


Phosphor 


out 


lY  LZ  LI  L^ 
3.0  LEAD  CONNECTIONS 


TUBE  TYPE  F^l^S _ 

CsTe/F.S.;  P20/F0 
DATE  06/91 


5.0  CATHODE  SENSITIVITY 
~  ua/lutnen 

6.0  RESOLUTION 

*  Ip/mm 

g  MCP  volts 

7.0  LUMINOUS  GAIN 


COLOR 

STlie" 

Red 

Orange 

Yellow 


ELEMENT 

Fhotocathode  (neg.) 

MCP  Input  (neg.) 

MCP  Output  (neg.) 

Phosphor  (ground) 


8.0  GAIN  UNIFORMITY 
13  I 

9  50  K  e  gain 


4.0  MAXIMUM  operating  VOLTAGES  * 

Cathode  to  MCP  input  180  volts 

MCP  input  to  MCP  output  1820  volts 

MCP  output  to  Phosphor  6000  volts 

♦  voltages  for  50.000  r~  gain 

4.1  USE  WITH  POWER  SUPPLY 

Model  #  200057  S/N  0105 


9.0  EQUIVALENT  BACKGROUND  INPUT 


10.0 


_ ~  lumen s/cm2 

9 _ -  gain 

MCP  VOLTAGE 

Set  for  1820V  at  lOV  Control 


W' 
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•uMiM  ^ncc.1 


-PROXIMITY  FOCUSED  CHANNEL  INTENSIFIER  TUBE- 


Tube  S/N  XXH0967 
MCP  Conductivity 
Photocathode  Sensitivity 
Photocathode  Type/WIndoM 
Photocathode  Voltage 


Tube  Type 
1.1  X  10'^  amps 

— _ ua/L 

CsTe/F.S. 

180 


.  Date  Q2/9Q 
1000  volts 
—  Lumens 
r  Tvoe  P20 


Phosphor  Type  _ 
Phosphor  Voltage 
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•MQSTMOMS 


milliam^S  watt 
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